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Hi-Lander is well-equipped floating lab 
used by Roslyn, N. Y., students in sum- 
mer course dealing with marine science. 
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Marine Science Program 


Here's a real cool school! Ina new 
approach to biological science. students 
at Roslyn High School, Roslyn, Long 
Island, earned credits last) summer in 
an unusual outdoor lab course—Marine 
Science. 

The program was approved and ac- 
cepted for credit by New York State 
Department of Education. Courses were 
offered on three 
junior high, and high school. Instruc- 
tion was by John Loret, who accom- 
panied Thor Heyerdahl, author of Kon 
Tiki, at Aku-Aku. 

The town of Roslyn donated the boat 
in kit form to the high school. Students 
in woodworking classes assembled it. 
The school metal shop overhauled the 
engine donated by well wishers for use 
on the Hi-Lander. 

On board this marine science boat, 
there is a separating tray screen which 


levels: elementary 


screens marine life of different sizes, a 
coring tube for sampling bottom. sedi- 
ments, and a bottom dredge tor col- 
lecting samples beyond the scuba diver’s 
safe depth limits. 

In a well-balanced program, students 
are tanght to use a plankton net to col- 
lect. microorganisms, a lead sounding 
line to chart depths. a seine net to col- 
lect small specimens, and equipment 
to check on fish migration by trapping 
and tagging. 

The Marine has 
proven valuable in the 
meaning of the scientific method as it 


Science 
developing 


course 


is practiced by working scientists en- 
gaged in field research. Students’ inter 
est level is unusually high in this com- 
lecture and field 


bination course 


jaboratory. 
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fe World phote 
Dr. Glenn T. Seaborg, Nobel Laureate, 
chairs CHEM Study steering committee. 


CHEM Study Institutes 


There will be two Summer Institutes 
for prospective teacher-participants in 
the Chemical Education Materials Study 
in 1961. One will be held at Cornell 
University. Ithaca. New York, and the 
other at Harvey Mudd College, Clare- 
Calif. Approximately an 
100) secondary 


mont, addi- 
tional 
will become acquainted with these re- 
vised materials. 
cerning the Institutes will be included 
in the National 
Summer Institutes brochure, to be dis- 
tributed in January 1961, 

Most of the teachers will come from 
which will 
serve as the main trial centers during 
1961-62: New York City, Philadelphia, 
Northern Florida, Central Indiana, Chi- 
cago, Minneapolis, Seattle, San Fran- 
cisco, and Los Angeles. In addition, a 

(Continued on page 4-T 
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Using Science World in Your Teaching 


The World Ocean—Three 
Dimensional Puzzle (pp. 6-10) 


Earth Science Topics: Ocean currents, 
climatology. 
Physics Topics: Density and _ specific 

gravity. 
Biology Topic: Ecology. 
About This Article 


Through synoptic data of such invisi- 
ble properties of air as temperature and 
pressure, man is able to make a model 
of the vicissitudes of the Earth’s “color- 
less, odorless, and tasteless” atmospher- 
ic envelope. He has even come to dis- 
cern How of air 
around the globe and to arrive at some 
satisfactory explanations to account for 
this How. 

The present article deals with studies 
of similar magnitude being made of the 
Earth’s aquatic envelope. Surface cur- 
rents and “drifts” in the seas were rec- 
ognized long ago. More recently, sub- 
surface currents have been discovered 
and they are being mapped. The pic- 
ture of motion that emerges from these 
studies is truly breathtaking. For ex- 
ample, Antarctic water appears at deep 
levels at the Equator; Mediterranean 
water is found at deep levels far out in 
the central north Atlantic; a saltier- 
than-usual mass of ocean, a thousand 
miles in diameter, rotates slowly like a 
phonograph record; currents flow back 
and forth at various levels in the sea, 
linking all the oceans in one great sys- 
tem. 

Explanations of these phenomena are 
fascinating. Surface currents that occur 
in the oceans are geared—in almost the 
literal sense of that term—to the cur- 
rents in the Earth’s atmosphere. Both 
Aluids—air and water—collide with the 
continents in their path of motion. The 
air flows over the continents while the 
water flows around them. “Submarine” 
currents in the seas are detected by 
differences in temperature and in salin- 
ity, but there is no agreement on any 
single explanation of these phenomena. 
These oceanographic studies are not 
without some practical importance in 
this atomic 
wastes are being dumped into the sea. 
These studies also go a long wav in 
helping us to understand differences in 


some order in the 


age, when radioactive 


weather and climate. 
Questions for Review and Discussion 


1. How is water from great ocean 
depths obtained for study? What infor- 
mation about such samples is sought by 


scientists studying ocean currents? 


2. Why do oceanographers disagree 
on explanations of what drives the 
ocean circulation, both on the surface 
and at deep levels? 

3. How are ocean currents affected 
by the rotation of the Earth? 

f. What are the water currents that 
feed the Gulf Stream System? 

5. Describe the Sargasso Sea, giving 
its location, size, and movement. How 
may the Sargasso Sea and other Atlan- 
tic waters affect the climate of Europe? 

6. What are two explanations of 
ocean current circulation? How do they 
differ from each other? 

7. Why is it of immediate practical 
importance to find out long it 
takes deep water to circulate? 

8. How is oceanography related to 
meteorology and to climatology? 


how 


Venoms—Clue to the Neuron 
Mystery (pp. 11-14) 


Biology Topics: Nervous system (the 
neuron and the nature of the nerve 
impulse). 

Chemistry Topic: Sodium and potas- 
sium (biological importance). 

Physics Topic: Chemical Emf. 

Vocational guidance: Neurophysiologist, 
biophysicist. 

About This Article 
The central theme of this piece is 

the role of acetylcholine and of acetyl- 

cholinesterase in the functioning of the 
neuron. The article affords the biology 
student an opportunity to review much 
of what he learns about neurons in his 
study of the nervous system. However, 
it enriches his understanding through 
a detailed account of the experiments 
and thinking of a number of neuro- 
physiologists—trom Bernstein (1902) to 
such recent investigators as Findlay 
tussell and David Nachmansohn. Thus 
the student acquires an up-to-date con- 
cept of the nature of the nerve impulse. 

Along the way, he also learns of possi- 

ble medical applications of this re- 

search. 

In introducing the article to a class, 
the teacher might call attention to a 
recent announcement of the formation 
by UNESCO of an International Brain 
Organization — representing 
seven. principal branches of brain  re- 


tesearch 
search—neuroanatomy, — neuroendocri- 
nology, neurochemistry, neuropharma- 
biophysics, 
and the behavioral sciences. The pres- 


cology, neurophysiology, 
ent article cuts across several of these 
fields and brings the reader to the “cut- 
ting edge” of current experimentation. 


Questions for Review and Discussion 

1. By what means does a nerve cell 
communicate with another nerve cell? 
With a muscle? 

2. What is the role of the enzyme 
acety cholinesterase in the system of 
communication among neurons? 

3. What information led Dr. Russell 
to experiment with scorpion venom? 

4. Describe the concentration of ions 
on the inner and outer surface of a cell 
membrane, 

5. By what hypothesis did Dr. Julius 
Bernstein explain how a nerve impulse 
travels along a neuron? An axon? 

6. Why are squids and _ cuttlefish 
used in nerve-impulse experiments? 

7. How did each of the following 
scientists confirm the Bernstein “mem- 
brane hypothesis”?—Dr. Nachmansohn, 
Dr, Dettbarn, Dr. Ehrenpreis. 

5S. How may recent nerve-impulse 
experiments contribute to human wel- 
fare? 


Fire (pp. 15-18) 


Chemistry Topics: Heat of combustion. 
spontaneous combustion, chemical 
stability, free radicals. 

Biology Topic: Vitamins related to bio- 
logical oxidations. 

About This Article 
Here is a perfect example of “educa- 

tion-in-depth.”. For many years now, 

schoolboys and schoolgiris have been 
memorizing and regurgitating stereo- 
typed definitions of oxidation, slow oxi- 
dation, rapid oxidation, combustion. 

Good students could even provide ex- 

amples of these phenomena. But why 

do these phenomena take place at all? 

What makes some oxidations slow and 

some so rapid as to be explosive? Why 

should heat be necessary to start a 

piece of paper burning? For that mat- 

ter, why does any chemical reaction 
take place? 

Questions such as these are some- 
times fired at their teacher by really 
whose curiosity has 
been aroused through good — science 
teaching. The teacher can now refer the 
student to this article. There, the stu- 
dent will find explanations in terms of 
spinning electrons, — free _ radicals, 
branched and unbranched chain reac- 
tions. The reader will not only pick up 
some elegant) = conceptualizations — in 
“pure science”; he will gain some in- 
sights into combustion chemistry in- 
volved in gasoline engines, jet engines, 
gas burners, and the new jet-lame lance 
that can cut stone as if the stone were 


bright = students 
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butter. Most startling of all is the role 
theoretically assigned to vitamin E as 
an inhibitor of auto-oxidation reactions 
in living organisms. 


Questions for Review and Discussion 


1. What does each of these mean? 
(a) combustion wave; (b) burning 
velocity. 

2. Why do kitchen gas burners have 
to be changed in a community that 
changes over from the use of coal gas 
to natural gas? 

3. What are “free radicals”? Why are 
they unstable? 

4. How can the weight of free radi- 
cals in a sample of a substance be de- 
termined? 

5. Why do oxygen molecules react 
with free radicals? 

6. How is it that the same type of 
reaction can result in such a quiet 
process as the drying of paint and also 
produce the spectacular chain reactions 
of flames and explosions? 

7. Give an explanation for the spon- 
taneous combustion of a pile of oily 


rags. 


8. Present a theory to explain how 
spontaneous combustion is prevented in 
living cells. 


Teday’s Scientists (p. 22) 


Christopher Coates 
Electric Eel Expert 


Biology Topics: Adaptation, sense or- 
gans. 


About This Article 

Visitors to the N. Y. Aquarium guath- 
er periodically at a sign indicating the 
next time the electric eel will be dem- 
onstrated. When the expected moment 
arrives, the “eel” is disturbed and an 
electric lamp lights up by 
current that comes from the eel. 

In their natural habitats—the fresh 
water of the Amazon and other South 
American rivers—these fish depend on 
their electric apparatus to find 
food and to escape their enemies. 


a surge of 


The present article, though centered 
on one of today’s scientists, includes a 
detailed account of the anatomy and 


their 
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physiology of the electric organs of this 
curious fish and the methods by which 
determined that this 
can deliver a whopping 600-volt surge 


it was creature 
of current by means of its columns of 
microscopic batteries called electro- 
plaques. 

Equally interesting is the man who, 
for the past 30 years, has been studying 
the unusual life adaptation of this crea- 
ture. It appears that the eel has at least 
three electric organs. One of these is 
used to deliver a shock, another is used 
for the fish to find its way to food. The 


function of the third remains a mystery. 


Questions for Special Reports 

1. Where in the body of the electric 
eel are the organs that produce the 
electricity? 

2. Describe how the electroplaques 
are stacked in the “large electric organ.” 

3. How may the organ be thought 
of as an electric battery? 

4. What are the “Bundles of Sachs”? 
How was their function determined? 

5. What are the “Organs of Hunter”? 
What is known of their function? 





Demonstrations and Experiments 


Model of Nerve Conduction 

A model showing the characteristics 
of impulse conduction in nerves can be 
built from ten dominoes hinged to a 
narrow strip of wood with cellophane 
tape (see diagram). In each half-inch 
space between dominoes, and after the 
last domino, a coil spring is screwed 
to the board. Ideal springs for this pur- 
pose can be found in most inexpensive 
hall-point pens. 

Several characteristics of nerve con- 
duction can be demonstrated satisfac- 
torily with this model: 

1. Self-propagation—By hitting the 
first domino with a fingertip, a wave of 
falling (“depolarized”) dominoes _ is 
initiated. 

2. Repolarization—The springs cause 
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the dominoes to recover immediately. 

3. Refractory Period—By holding the 
first domino down while striking at the 
point where it would be standing when 
“polarized.” 

4. Stimulus Quality—The “impulse” 
can also be started by touching the first 
domino or by exhaling forcibly against 
it, thus emphasizing the fact that all 


Demonstrating Flame Propagation 
Wrap a thick-walled pyrex graduated 
evlinder with cellophane tape, or cover 
it with wire gauze. Collect 1/4 cylin- 
der-full of gas. (With natural gas, 1/10 
cvlinder-full.) Let water flow out to 
produce an explosive gas-air mixture. 
Ignite the mixture with a spark from 
an induction coil as shown. Make the 
connection between coil and spark gap 
very loose. Use #30 or thinner wire. 
When the mixture is ignited, the stu- 
dents will be able to see the propaga- 
tion of the fame front from the spark 
gap down the length of the cylinder. 
Warning: The cork will shoot out with 
violent speed, accompanied by a loud 


Cellophane tape hinge 


Hinge strengthened by tane 
wrapped around the domino 
and the board 


impulses are identical—regardless of the 
nature of the stimulus. 

5. Stimulus Intensity—The — all-or- 
none principle’s application to conduc- 
tion in individual fibers is made clear, 
by hitting the first domino with a fin- 
gertip and then with the closed fist. 


—By Marcel E. Lavoie, from Turtox News 
December, 1960, issue 























explosion. Have students stand well 


back from the demonstration desk. 














News and Views 


(Continued from page 1-T) 


certain number of “solo” teachers in 


single high schools will be scattered 
across the country. 

\ limited supply of the trial edition 
of the text and manual will be available 
after January 1. If you are a science 
supervisor, director of curriculum stud- 
ies, or otherwise especially interested 
in the CHEM Study vou may request 
copies of the text and manual. These 
requests will be filled as long as copies 
are available, 


Teachers Make a Difference 


In a survey taken last month at the 
National Youth 
Avom, held in Chicago, approximately 
250 of the nation’s most talented high 
school science students indicated that 
teachers were the most important. in- 


Conference on the 


uence in getting them interested in 
science. High school science teachers 
were named as most important 87 times; 
other teachers were named on 22 other 
questionnaires, 

Books were named 74 times as being 
the most important. Parents, also a sig- 
nificant influence, were mentioned only 
38 times as the most important. 

Questioned as to whether thev felt 
their school program utilized their abili- 
ties to the fullest, 133 students an- 
swered they did not, 84 said they did, 
und 33 had no opinion. The bulk of 
those who felt their potential was not 
being realized named lack of advanced 
courses as the most important reason, 
and that school was just “too easy.” 


Science Facilities Study 

The National Science Teachers Asso- 
ciation is launching a major national 
Science Facilities Study to determine 
standards for the physical setting and 
tools which must undergird a topnotch 
school science program from. kinder- 
garten through junior college. 

The study is supported by a grant 
from the Laboratory Equipment Sec- 
tion of the Scientific Apparatus Makers 
Association. Principal investigator wall 
be Fred R. Schlessinger, associate pro- 
education, Ohio State Uni- 
versity at Columbus. He will be assisted 
by an eight-man steering committee. 

NSTA_ interest in facilities 
developed from recommendations made 
by such groups as the Physical Science 
Study Committee, the Chemical Bond 
Approach group, the Biological Sciences 
Curriculum Study, and the Chemical 
Education Materials Study. 

A key element in putting these recom- 
mendations into effect in many schools 
may be physical facilities. Many schools 


fessor of 


science 





have inefficient science classrooms (or 


none at all). Many also lack necessary 
science equipment, 

NSTA_ believes. therefore, that new 
concepts and creative designs in provid- 
ing laboratory equipment and facilities 
must be developed for the future. 

The Committee Science 
Facilities study on three major hypoth- 
eses: (1) that laboratory experience at 


bases its 


all grade levels is the central method of 
science teaching: (2) that science will 
take its place along with English, math- 
ematics, and social and (3) 
that secondary-school science programs 
will develop into multi-track patterns 
with homogeneous grouping. 


studies: 


AAAS Meeting 


The annual joint meeting of the Na- 
tional Science Teachers Assn. and 
other science teaching societies affiliated 
with the American Association for the 
Advancement of Science will be held 
in New York City at the Roosevelt 
Hotel, December 27-30. Hotel reserva- 
tions for those planning to attend should 
be made by writing to the AAAS Hous- 
ing Bureau, 90 East 42nd Street, New 
¥ork 17, N. Y. 

Details of the sessions of the teaching 
societies, as well as of scientific so- 
cieties meeting with the AAAS, will be 
published in full in the AAAS General 
Program. 

General theme of all NSTA sessions 
is “The New Science—A Teaching Chal- 
lenge.” Subjects of the five 
planned on this theme are: 

1. The New Chemistry, December 28, 
9:30 a.m. Roosevelt Ballroom Fover. 
Presiding: Rev. Lucien RK. Donnelly, 
O.S.B.. Delbarton School, Mortis- 
town, New Jersey. Speaker: Altred 
B. Garrett, Ohio State University, 
Columbus. 


sessions 


2. The New Astronomy, December 25, 
4:00 p.m. Roosevelt Ballroom Fover. 
Presiding: Ruth E. Comell, Wilming- 
ton (Delaware) Public Schools. 
Speaker: Wasley S. Krogdahl, Uni- 
versity of Kentucky, Lexington. 

3. The New Planet Earth, December 
29, 9:30 a.m. Roosevelt Ballroom 
Fover, Presiding: Harold E. Tannen- 
baum, State University College of 
Education, New Paltz, New York. 
Speaker: Hugh Odishaw, United 
States National Committee, Interna- 
tional Geophysical Year, National 
Academy of Sciences-National Re- 
search Council, Washington, D. C. 

4, New Weather Theories, December 
29, 2:00 p.m. Oval Room. Presiding: 
Robert J.Chinnis, University of Penn- 
sylvania, Philadelphia. Speaker: 
Harry Wexler, United States Weather 
Bureau, Washington, D. C. 





. Biology of the Mind, December 30, 
9:30 a.m, Roosevelt Ballroom Foyer, 
Presiding: Margaret |. McKibben, 
National Science Teachers Associa- 
tion, Washington, D. C. Speaker: 
Irwin ]. Kopin, M.D., Surgeon, Na- 


vu 


tional Institute of Mental Health, 
Presbyterian Hospital, New York 
City. 


At each of these sessions, the speaker 
will present the frontiers of his particu- 
lar field of science. A panel represent- 
ing clementary and secondary schools 
will then implementation — in 
classrooms, K-12. 

An “NSTA Reports” session will be 
held in the library of the Roosevelt 
Hotel at 2:00 p.m., December 27. The 
three Standing Committees will report 
on their activities at this time. 


discuss 


World Travel Contest 


A 52-day, expense-paid Round the 
World Tour, via Pan American Airways, 
will be the first of 57 prizes offered in 
the “Wings Around the World” contest 
sponsored by Scholastic Teacher mag- 
azine. The prizes, which include ency- 
clopedias and globes, will be awarded 
to the 57 teachers and educators sub- 
mitting the best essays on the theme 
“Why I Would Like to Take a Trip 
Around the World.” 

The first prize winner will join the 
NEA-Western Illinois University tour 
in San Francisco, June 28, 1961, to be- 
gin a round the world jaunt to Hawaii, 
Japan, Hong Kong, The Philippines, 
Singapore, Thailand, India, Egypt, 
Greece, Italy, France, and England. 

The second through fourth prize win- 
ners will each receive a 20-volume set 
of the 1961 World Book Encyclopedia. 
A 15-volume set of the 1961 Childeratt 
will go to the fifth through 
place The eighth 
through 32nd prize winners will receive 
an 1S-inch Hammond Globe and_ the 
final runners-up will each receive the 
three-volume set of Carl Sandburg’s 
Abraham Lincoln (Dell Laurel paper- 
back edition). 

The contest is open to all full-time 
U. S. teachers, supervisors, curriculum 
specialists, school librarians, or adminis- 
trators in any public, private or paro- 
chial elementary or secondary school. 
(It is not necessary to be a subscriber 
to any of the Scholastic magazines in 
order to enter.) Entries—in essay, article, 
or letter form—should be in 750 words 
or less, and must be submitted by Janu- 
arv 15, 1961, to: Travel Contest, Scho- 
lastic Teacher, 33 West 42nd _ Street, 
New York 36, N. Y. No entries will be 
returned, Contest details may be found 
in the October 26 issue of Scholastic 
Teacher or by writing to the magazine. 


each of 


seventh winners. 
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“The pressure of a gas 


THROTTLE PLATE 


varies inversely 
with its velocity” 


Bernoulli’s theorem: An 18th century 
physical law that helps make 20th 
century cars go. 


Look at an automobile’s carburetor. Seems complicated 
doesn’t it? Actually the idea is quite simple and based on a 
old physical law. You can see the principle at work by layin 
a small piece of paper on a desk and blowing a stream of air 
across it. The paper will lift from the desk. The speed of the 
air moving across the paper creates a “vacuum” — less ait| 
pressure—and the greater air pressure beneath causes the} 
paper to rise. 
This is Bernoulli’s law in action and a basis of the modent} 
carburetor. Thanks to Daniel Bernoulli—and to the dedicated | 
scientists and engineers at the Ford Research Laboratories 
who have found better ways to use his discovery —today, the 
Ford Family of Fine Cars carry bigger loads faster, farther, 
with less fuss, and do it on less gasoline than ever before 





How the carburetor works in the 


Ford Family of Fine Cars: | 


1, Up-and-down stroke of the pistons creates a pumping 
action, drawing outside air into carburetor. 


2. The carburetor throat speeds up the incoming air because 
of the smaller opening in the passage. 


3. Since the air is moving faster at the throat, a “vacuum” 
is created (Bernoulli's law), and this draws droplets of 
gasoline into the carburetor through tiny jets. These drop- 
lets, or fuel vapor, are then mixed with the incoming air to 


form a balanced mixture that will explode in the cylinders to | 


produce power. 


The American Road, Dearborn, Michigan 
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YOU CHOOSE AS A GRADUATE SPECIALIST. And you choose before you enlist! Here’s a Specia 
Army educational program for high school graduates only. If you pass the qualification exams, yor 
choose the schooling you want before enlistment. And in many technical fields, Army Schooling} 
ranks with the world’s finest! Choose from a wide variety of schooling. Successful candidates fo, 
the Graduate Specialist Program can choose schooling from 107 valuable classroom courses, 
Electronics, Metal Working, Automotives, Guided Missiles, Aircraft Maintenance, Radar & TV-| 
many more. (In an Army job as in a civilian job—good training and experience pay off fora lifetime!) 
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The waters of the deep are 


N the Equator, a bearded young 
man braces himself against the 

roll of a very small ship. He is stand- 
ing on a tiny platform jutting from its 
deck. Over his head, a great pulley 
wheel guides wire rope from a deck 
winch down into the dark, purple- 
blue tropical water. He shouts an 
order to a sailor at the winch: “Up 
five hundred meters.” “UP five!” yells 
the sailor as the winch comes roaring 
into life. An indicator ticks off num- 
bers as the wire streaks aboard. 
Suddenly the sailor slows the winch 
and calls, “TWENTY meters!” The 
other replies, “Twenty!” and peers 
more closely at the water: a yellow 
metal sampling bottle ought to be 
visible about now. “SIGHT!” he bel- 
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THREE-DIMENSIONAL PUZZLE 


lows, then, “SUR-face!” The sailor 
halts the winch, then applies power 
gently to bring the precious Nansen 
bottle right to the scientist’s hands. 

On deck appears the tall, red- 
mustached Chief Scientist. “Last bot- 
tle,” he says, taking it from the man 
on the platform. “Get the weight and 
signal the bridge.” He turns and dis- 
appears into a deck laboratory. The 
100-pound end weight swings aboard, 
the engine room bells sound, and 
with a shock of vibration and noise 
the ship’s twin dieses assert their 
power. 

As the Research Vessel Crawford 
shoulders its way through the swell 
toward its next “station,” the two 
scientists quickly draw samples from 





Research Vessel Atlantis was designed 
for oceanographic research in 1930. She 
carries 9 scientists plus a crew of 19, 


Woods Hole Oceanographic Institution 


constantly in motion, for reasons not yet fully understood 


the Nansen sampler into variously 
shaped small glass bottles. Then they 
read the special thermometers that 
had been attached to the Nansen 
bottles. The last, or deepest one, that 
had gone to within a few feet of the 
ocean bottom, three miles down, 
reads 0.57° Centigrade—about 33° 
Fahrenheit. 

“That will go lower with correc- 
tion, and read zero easily, when we 
correct for potential temperature,” 
says the Chief. 

“I guess we are over the Antarctic 
Bottom Water,” says the other. 

“We'll be certain whether it’s Ant- 
arctic when you finish the salinity 
analyses. Think you'll have them by 
morning?” 


SCIENCE WORLD 








































LE 






oa. 


: Institution 





stood 


riously 
n they 
rs that 
Jansen 
e, that 
of the 
down, 


it ill 


orrec- 

en we 
” 

ture, 


arctic 
; Ant- 


linity 
m by 


yRLD 





“I think so. But can the Antarctic 
salt wait while I step out on deck 
and enjoy this fine Equatorial sun- 
set?” 

Antarctic water at the Equator: 
Why is it there? Why is Mediterra- 
nean water found at certain deep 
levels far out in the central North 
Atlantic? Why is the commercial 
fishing good off places like South 
West Africa? Why is there a Kalahari 
Desert on South West Africa’s coast 
and a year-round fog peril on the 
Newfoundland Banks? Just what is 
the Gulf Stream? Does the sea con- 
trol weather and climate, or is it the 
other way around? 

During the recent International 
Geophysical Year, oceanographers 
made a great coordinated “attack” 
on the world’s oceans to help find 
answers to these and other questions. 
They put to sea in small research 
ships and collected thousands of sam- 
ples of water from different places 
and many depths. They measured 
the temperature of the ocean water 
from the surface to the bottom wher- 
ever they went. 


Deep Water Circulation 


Now that the IGY is over, the 
work continues at the same _ pace. 
Governments and foundations see 
the value of ocean science. Last 
spring, three ships of the Woods 
Hole Oceanographic Institution on 
Cape Cod spent the season crossing 
and recrossing certain parts of the 
Gulf Stream System. Along carefully 
predetermined courses, they stopped 
to make coordinated observations 
and studied water samples. Next 
spring, Woods Hole ships are sched- 
uled to spend months in the Atlantic 
over the Romanche Deep, a great 
valley in the sea floor. The valley 
was originally “discovered” through 
studies of the deep water itself, 
rather than by depth measurements. 

Antarctic water deep down in the 
ocean basins even north of the Equa- 
tor, suggests that ocean water circu- 
lates. Some features of ocean circula- 
tion have been observed for a long 
time. Benjamin Franklin published 
one of the first charts of the Gulf 
Stream. Other features, especially of 
deep circulation, have come to light 
only in recent decades. 

Oceanographers frequently speak 
of the “world ocean,” because there 





is a constant interchange of water 
between all the oceans. Each has a 
circulation system of its own, but 
none is closed. Each ocean has at 
least one “input” and “output.” The 
Pacific, Atlantic, and Indian oceans 
meet and merge in the Southern 
Hemisphere to form what is called 
the Antarctic Ocean. There are no 
boundaries between them here. Fur- 
thermore, all ocean “salt” has the 
same chemical composition—only the 
concentration varies from place to 
place. 

Among the most interesting—and 
important—features of ocean circu- 
lation are the submarine currents and 
drifts—such as the drift of deep Ant- 
arctic water northward on the west- 
ern side of the Atlantic. The existence 
of some of these features was de- 
duced from records of observations. 
Some features were postulated by 
scientists to help explain the known 
surface circulation. Others have 
shown up recently in hypothetical 
models, usually mathematical, of the 
ocean circulation. 

A case in point is the Counter Gulf 
Stream, a cold current running south- 
ward under the warm, northward- 
moving Gulf Stream. Recently, the 
American scientist Henry Stommel 
“needed” this current to “satisfy” one 
of his mathematical models. Its ex- 
istence was soon proved by the team- 
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work of the British ship Discovery II 
and the Woods Hole Atlantis. 

The Atlantis stitched back and 
forth over a suspected area, making 
closely spaced stops to sample the 
water's salinity and temperature from 
the surface to the bottom. At the 
same time, using density data de- 
rived from these observations, the 
Discovery ballasted special sonic, 
buoys so they would float at specific 
depths. Each buoy emitted a con- 
tinuous series of “pings.” The sound 
of these pings was picked up by the 
hydrophones of the mother ship. By 
tracking the pings from the deep 
buoys, Discovery traced southward 
movements of the water near the 
bottom, two and a half miles down. 

Other evidence came from an un- 
derwater camera—and a Ping-pong 
ball. The ball (punctured to equalize 
pressure inside and out) was hung 
on a string beneath a magnetic com- 
pass clamped to a crossbar on the 
camera tripod. When the tripod 
reached bottom, the shutter was 
tripped and a flash lamp was fired. 
Photos showed the Ping-pong ball 
drifting out to one side—south, ac- 
cording to the compass. The experi- 
ment was repeated many times, with 
many pictures to confirm the first. 

What drives the circulation—what 
stirs the Scientists don’t 
agree on the answers, but certain 


oceans? 
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Woods Hole Oceanographic Tnstitutior 
Chart shows first large-scale ‘‘synoptic’’ survey in the Gulf Stream System, made in 
spring of 1960 by three Woods Hole Oceanographic Institution ships and one from the 
International Ice Patrol. Dots show where ships stopped to make ‘‘stations,”’ taking 
temperatures and water samples at many selected depths from surface to bottom. 
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Science World graphic 


Diagram shows North Atlantic circulation. Major feature is Gulf Stream System, 
which consists mostly of moving boundary of the clockwise-rotating Sargasso Sea. 


obvious features are plainly the work 
of the winds. 

In both northern and southern 
hemispheres, between latitudes 35° 
and 60°, the winds may blow in any 
direction, depending on storm activ- 
ity. But the most common and effec- 
tively strongest winds blow from 
west to east: the prevailing wester- 
lies. The Northern Hemisphere has 
continents and mountain ranges in 
these latitudes. In the Southern Hem- 
isphere, land occupies only two per 
cent of this area: this is the “water 
hemisphere.” Here, prevailing west- 
erlies, unobstructed, blow the sur- 
face ocean water in one great con- 
tinuous “West Wind Drift,” or Ant- 
arctic Circumpolar Current, around 
the Earth. 

In the tropics, trade (meaning 
“constant” ) winds blow toward the 
Equator in each hemisphere. The 
northern trades blow from the north- 
east, and the southern hemisphere 
trades are southeasterlies. These 


winds push two great westward- 


moving currents, the North and 
South Equatorial Currents, around 
the Earth. 

Or so they would, except that the 
continents get in the way. If you 
have oceans hemmed in by conti- 
nents, acted upon by winds such as 
the prevailing westerlies and the 
trades, and all this is on a planet ro- 
tating from west to east—the ocean 
waters must circulate. 

The rotation of the Earth deflects 
moving objects from their original 
path. In the Northern Hemisphere, 
moving objects tend to “creep” to 
their right, in the Southern Hemi- 
sphere to their left. The eastward ro- 
tational speed of the Earth is greatest 
at the Equator, least at the poles. 
A moving body tends to keep the ro- 
tation speed of its starting point as it 
travels away from it. With a little 
thought, you will see why it must 
“creep” to one side or the other, de- 
pending on the hemisphere. 

For most moving bodies, the deflect- 
ing influence is too small to have any 








real effect. For great masses of mov- 
ing fluids, however, such as the winds 
and ocean waters, the deflecting in- 
fluence is a large component of the 
total forces involved. This effect is 
called the Coriolis Force. 

The westerlies, the trades, and 
Coriolis Force break the world ocean 
surface circulation into six major 
“cells.” Four are in the Southern 
Hemisphere (including the Antare- 
tic) and two are in the Northern 
Hemisphere. If you think about it, 
you will see that the northern cells 
must turn clockwise, and the south- 
ern cells counterclockwise. 

The most traveled ocean in the 
world, where modern oceanography 
began, is the North Atlantic. Its main 
circulation feature is the Gulf Stream 
System, the most studied of all ocean 
current systems. 


The Complex Gulf Stream 


There have been many oversimpli- 
fied (and just plain mistaken) ex- 
planations of the Gulf Stream. Actu- 
ally, it does not consist of “water from 
the Gulf of Mexico flowing through 
the Atlantic.” About one quarter of 
its flow does come out of the Gulf 
through the Florida Straits, as the 
Florida Current—but even this water 
is Atlantic water. It enters the Carib- 
bean as an arm of the North Equa- 
torial Current, along with some South 
Equatorial water that has been de- 
flected by the “hump” of Brazil. 
Crossing the Caribbean, this water 
enters the Gulf between Cuba and 
Yucatan and then goes out the Flori- 
da Straits by the shortest route. 

The other arm of the North Equa- 
torial Current, meanwhile, flows 
northward as the Antilles Current, 
and rejoins the Florida Current. To- 
gether they are still only a part of 
the Gulf Stream System. To under- 
stand where the rest comes from, we 
have to look at a water mass. This is 
the Sargasso Sea, a very salty area 
about a thousand miles in diameter, 
with its western edge a few hundred 
miles from the Florida coast. The 
Sargasso Sea rotates slowly clock- 
wise, like a phonograph record. The 
greatest share of “Gulf Stream” water 
is actually the boundary current of 
the rotating Sargasso Sea. Further- 
more, the Sargasso Sea is a barrier 
that keeps the swift Florida Current 
from surging east and then south- 
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eastward, as the Coriolis Force would 
tend to swing it. 

The Gulf Stream System is not one 
broad stream. It looks like one (50 
miles wide, a mile deep) on charts 
made from observations taken at 
many different times, but attempts in 
recent years to chart it “synoptically,” 
like a weather pattern (using several 
ships to make many simultaneous 
observations ), tend to show a mulkti- 
ple current. It has many individual 
“filaments.” It is not uncommon for 
research ships making a straight, fast 
run from Woods Hole (Mass.) to 
Bermuda to “cross the Gulf Stream” 
three distinct times. 

South of the Newfoundland Banks, 
the system, which has begun to break 
up and meander in a complex way, 
becomes the North Atlantic Drift. 
Some of it turns southward, to com- 
plete the clockwise North Atlantic 
circulation “gyral,” and some of it 
gets as far north as Iceland and then 
disappears beneath the ocean sur- 
face. 

Contrary to popular belief, the 
Gulf Stream is far from being a 
“river of warm water that keeps 
Europe’s climate mild.” Today, sci- 
entists would rather say it is a fast- 
moving boundary that keeps the 
warm waters of the Sargasso Sea 
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Woods Hole Oceanographic Institution 
Scientist removes Nansen bottle from wire. Angle is caused 
by drift of ship. Depth thermometers are attached to bottle. 
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Science World graphic 


Rotation of Earth causes air moving to- 
ward Equator to be twisted west, and air 
moving toward poles to be twisted east. 


from overflowing the colder waters 
west of it. It now seems that the posi- 
tion of the Gulf Stream itself is 
not important to Europe’s climate. 
Rather, it is the position and tem- 
perature of the Sargasso Sea and 
other warm water to the east of it 
that matter. The prevailing winds, 
absorbing heat from these vast water 
expanses, carry it to Europe. 

West of the Gulf Stream, near 
Newfoundland and New England, is 
the cold Labrador Current. Warm. 
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humid air from over the Gulf Stream 
cools as it passes over this cold water, 
making fog that frequently covers 
the nearby land over thousands of 
square miles. 

The disappearance of the last rem- 
nants of the Gulf Stream System 
under cold northern surface waters, 
brings us back to the question of 
underwater circulation. And it points 
up the “puzzle in three dimensions” 
aspect of physical oceanography. 

The surface circulation pattern is 
obviously related to the average pat- 
tern of the world’s wind circulation. 
At least the main features can be 
explained this way. However, the 
“wind-driven” theory alone does not 
explain the underwater circulation to 
everyone's satisfaction. Wind can 
move only the upper layers of the 
seas directly, and submarine currents 
and drifts are among the most impor- 
tant circulation features. 

One school of thought hypothe- 
sizes that the ocean circulation is 
really due to density differences be- 
tween masses of water. Density is 
weight per unit volume. Water can 
become heavier by getting cooler, or 
by getting saltier. If it is very salty 
and very cold, it will be heavier still. 

It is easy to see how tropical sur- 
face water can get saltier by evapo- 
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Woods Hole Oceanographic Institution 


Samples for salinity and other analyses are immediately 
drawn. Temperature and salinity data are circulation tracers. 

















A scientist measures dissolved oxygen in 
sea water samples. Among other things, 


“a 


oxygen is a ‘tag’ of a sea water “‘type. 


ration, but stay light because it is 
warm and expanded. Polar water is 
heavy because it is cold. Whenever 
ice forms at the surface, pure water 
is removed from the seawater solu- 
tion, leaving the remaining water 
saltier. Being denser, this water 
would tend to sink. So would highly 
saline tropical water that moved 
north or south, losing its heat as it 
travels. 

You can easily imagine how density 
differences alone, on the rotating, 
tilted Earth, would cause some kind 
of circulation pattern. However, the 
“density” theory alone does not en- 
tirely explain the present circulation 
pattern—either surface or deep. 






Photo by Don Fay from Jan Hahn 


The “wind driven” school of 
oceanographers maintains that the 
winds provide enough energy to 
overbalance any density circulation. 
The “density” school comes up with 
evidence to show that “pressure 
fields” associated with density dif- 
ferences account for tremendous 
amounts of energy. Of course, neither 
side maintains that winds or density 
differences explain everything. It is 
a question of which force does the 
major part of the work. 

Wind and Coriolis Force put a 
southward-moving Brazil Current 
where it “obviously” ought to be. But 
beneath that is a cold current run- 
ing northward, of Antarctic Inter- 
mediate Water. Under that is another 
southward drift of Atlantic Interme- 
diate Water, and underlying every- 
thing is the drift of Antarctic Bottom 
Water moving north. There is room 
for dispute about what causes these 
currents to flow. 


The Mystery Remains 


Where does it all go? Water of a 
given “type,” like Sargasso or Antarc- 
tic Bottom, leaves its parent water 
mass as a current or drift. Slowly, 
over the course of thousands of miles 
and many months or years, it changes 
its characteristics and eventually 
merges with surrounding waters to 
help form other types. Warm water 
becomes cold, heavily salted water is 
diluted, less salty water evaporates 
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Wj e Cable 


Salt water is an electrical conductor. An ocean current 
is a conductor moving in a magnetic field—the Earth’s. 
Magnetic fields generate electricity in moving conductors. 
Measuring the voltage and direction of oceanic electrical 
field (photo above) gives speed and direction of an ocean 
current. Ship measures these on right-angle courses 
(diagram right). Triangle of forces gives water's motion. 





and becomes more saline, cold water 
reaches warm latitudes and warms 
up. 

Some very important questions: 
How long does all this take? How 
long has water in a certain part of 
the deep ocean been there? How 
long ago was it surface water some- 
where else? When will it have moved 
somewhere else? 

These questions are important be- 
cause this is the Atomic Age. Atomic 
wastes are piling up quickly. Govern- 
ments would like to use the deep 
ocean basins as dumping grounds for 
atomic wastes. Some of the most 
dangerous substances have “half- 
lives” of thousands of years. If a con- 
tainer dissolves away, or springs a 
leak, or ruptures, how long before its 
contents would be in the food chain? 
Fish and other marine life forms con- 
centrate elements, including radio- 
active ones, in their tissues. 

Another important frontier for 
oceanography: Climate and weather 
problems. The seas provide the “fuel” 
for the atmospheric “heat engine.” 
They supply the heat that drives the 
winds, and water vapor for the 
world’s rains. Already, a great deal 
of weather research is carried on by 
oceanographers, for all storms ulti- 
mately have their origin in the world 
ocean. 

The frontiers of research are vast, 
like the ocean itself, and much still 
remains to be discovered. 
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Clue to the Neuron Mystery 


SNAKE AND INSECT POISONS ARE HELPING SCIENTISTS TO EXPLAIN HOW NERVE IMPULSES ARE TRANSMITTED 


By WILLIAM RICHARDS 


HE list of drugs and chemicals 

used by Dr. Findlay Russell and 
Dr. David Nachmansohn would make 
your eyes pop. Jn neatly labeled bot- 
tles you would find scorpion and 
black widow venom, rattlesnake and 
cobra venom, as well as a good sup- 
ply of curare, a plant poison used by 
South American Indians on the tips 
of arrows and spears. 

Yet, Dr. Russell, director of the 
Neurological Research Laboratory of 
the College of Medical Evangelists 
at Los Angeles, Calif., and Dr. Nach- 
mansohn, of the College of Physicians 
and Surgeons at Columbia Univer- 
sity in New York, are not technical 
advisors for pseudo-science horror 
films. They are neurobiologists car- 
rying on basic research, extending 
our knowledge of the nervous system 
and its network of neurons, as the 
cells of the nervous system are called. 

There are one million billion or so 
neurons in our bodies. Most of them 
are located in the brain and spinal 
cord, referred to as the central nerv- 
ous system. Each neuron consists of a 
cell body from which long fibers may 
extend to even remote parts of our 
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bodies. These fibers may be several 
feet long, although the individual 
neuron may be so small in diameter 
that it is invisible to the unaided eye. 

Thousands of the tiny thread-like 
fibers, called axons, are gathered to- 
gether in the visible string-like struc- 
tures we identify as nerves. In ancient 
times, physicians thought the nerves 
might be strings that pulled or tugged 
at the organs to which they were at- 
tached. Thus the word neuron comes 
from a Greek word meaning “bow 
string.” 


Gaps Between Neurons 


Today we know that when a 
muscle moves in response to a mes- 
sage or impulse from an associated 
nerve, the event in no way resembles 
a marionette’s response to a pup- 
peteer’s manipulation of a string. 

The nerve impulses—whether they 
carry information to the central 
nervous system (sensory impulses ) 
or away from the central nervous 
system (motor impulses)—are now 
known to be electrical impulses. 

For example, suppose you acci- 
dentally place your hand on a hot 
stove. Heat receptor cells in your 


hand are stimulated, and nerve im- 
pulses are triggered. The impulses are 
transmitted by neurons to the spinal 
cord, and then transmitted from neu- 
ron to neuron until they reach the 
brain. From the brain and spinal cord, 
electrical impulses are transmitted 
to the muscles—the muscles contract 
and you jerk your hand away. 

The neurons are not joined in a 
continuous cable. There is a gap 
from neuron to neuron, and from 
neuron to muscle. How, then, is the 
electrical impulse passed across this 
tiny gap? 

Neurobiologists hypothesize that a 
chemical substance enables an im- 
pulse to cross this gap (called a 
synapse). When released by one 
stimulated cell to an adjacent cell—a 
neuron or muscle—this substance 
stimulates a response. 

One such chemical substance is 
acetylcholine. The evidence from 
many experiments indicates that mo- 
tor neurons release minute amounts 
of ACh (short for acetylcholine), and 
that these tiny quantities set off elec- 
trical impulses, to travel in nerve 
cells or cause contraction in muscle 
cells. 

What happens after a stimulated 











muscle or nerve cell has responded? 
To free the cell from the influence of 
acetylcholine, so that it can receive 
further impulses and again respond, 
the ACh must be inactivated or de- 
stroyed. Neurobiologists have iden- 
tified a chemical that does inactivate 
ACh. It is acetylcholine-esterase (or 
ACh-esterase ). This chemical breaks 
the ACh molecule into two parts, 
choline (a vitamin-like substance ) 
and acetic acid, neither of which can 
play a role in the transmission of im- 
pulses. 

Now where do venoms and arrow 
poisons fit into this picture? Dr. Rus- 
sell’s experiments with venoms may 
lead to new ways of treating crip- 
pling diseases involving nerves and 
muscles. 

In one such type of nerve disease, 
myesthenia gravis, the patient suffers 
abnormal weakness of the muscles 


Marine Biological Laboratory 
Scientist is dissecting a nerve from a squid. “Giant” size of 
fibers in squid’s nerves makes them very useful in research. 
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and tires very quickly. Medical sci- 
entists suggest that this muscle weak- 
ness may be caused by a lack of ACh 
at the gap between the neuron and 
the muscle. 

Knowing that people stung by scor- 
pions sometimes experience severe 
muscle cramps, Dr. Russell con- 
ducted controlled laboratory experi- 
ments. He experimented with the 
diaphragm (the layer of muscle be- 
tween the stomach cavity and chest 
cavity) of a laboratory animal. 


How Venoms Affect Nerves 


First, Dr. Russell applied a slight 
but measured electrical charge to the 
phrenic nerve, which connects the 
diaphragm with the central nervous 
system. This caused the diaphragm 
to contract. Then he injected scor- 
pion venom into the area around the 
junction of nerve and muscle. Now 
a stimulus of the same _ strength 
caused a much stronger contraction. 

Suppose a person afflicted with 
myesthenia gravis was injected with 
a controlled dose of the venom. The 
venom might cause the person’s mus- 
cles to contract more strongly. This 


i 
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Dr. Findlay Russell measures the effect of venoms on the re- 
sponse of a nerve and muscle stimulated with electric current. 


would happen if the venom either 
stimulated the secretion of ACh, or 
inhibited the action of ACh-esterase 
in destroying ACh. The findings of 
Dr. Russell and other scientists may 
eventually be used in treating myes- 
thenia gravis and similar diseases. 

Other venoms undergoing tests in 
the Neurological Research Labora- 
tory have exactly the opposite effect. 
These venoms cause muscles to have 
weaker than normal responses to 
nerve impulses. Perhaps these 
venoms block the action of ACh. 
The venom may do this by entering 
into chemical reactions between the 
nerve and muscle more readily than 
ACh, thus blocking the action of 
ACh. Such venoms might prove use- 
ful in treating patients who suffer 
muscle spasms. During a spasm, 
muscles contract involuntarily and 
violently—with very painful results. 
Thus a chemical that would produce 
weaker muscle responses might bring 
relief. 

Dr. Russell in California is experi- 
menting with the effects of venoms 
on the nervous system and their pos- 
sible application to the treatment of 
neuromuscular (nerve plus muscle) 
disorders. Dr. Nachmansohn is using 
venoms to explain how electrical im- 
pulses are established in nerve cells 
in the first place. 

To understand Dr. Nachmansohn’s 
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work, it is necessary to examine the 











structure of a neuron. 

When we look at a neuron under 
a microscope, we can see that around 
each axon, insulating it from _ its 
neighbors, there is a sheath contain- 
ing a fat-like material called myelin. 
Every one or two millimeters the 
myelin sheath is pinched in almost 
to the fiber itself. These interruptions 
are called nodes of Ranvier. 

Between the fiber of the axon and 
the myelin sheath, there is a mem- 
brane much too thin to be seen with 
an ordinary optical microscope. 
When nerve cells are examined with 
an electron microscope, this mem- 
brane can be identified. In spite of 
its amazing thinness, this membrane 
plays an important part in the elec- 
tical impulses of neurons. 

The function of the membrane is 
closely associated with metallic ele- 
ments, which are essential for the 
chemical processes of all living tis- 
tues. Within the nerve cells, and in- 
deed in all animal cells, potassium 
ions comprise about 90 per cent of 
the metallic ions in the intracellular 
fluids. When potassium participates 
in the cell’s chemical reactions, it 
does so as an ion. This means that it 
has a positive electrical charge. So- 
dium ions comprise about 90 per cent 
of the metallic ions in the extracellu- 
lar fluids, which surround and bathe 
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cells. Sodium, too, takes part in the 
chemical reactions as a_ positively 
charged ion. 

Since potassium ions are highly 
concentrated on the inside of the cell 
and sodium ions highly concentrated 
on the outside of the cell, our knowl- 
edge of diffusion would lead us to 
suspect that the ions might migrate 
across the membrane until equili- 
brium is achieved. In resting or un- 
stimulated neurons, while potassium 
does leak out in small amounts, the 
membrane seems to be a highly effec- 
tive barrier for excluding sodium 
ions. 


Neurons During Impulse 


Thus the electrical condition in a 
resting or unstimulated neuron is 
established by two sets of differing 
concentrations of metallic ions sepa- 
rated by a membrane and held in 
this unbalanced condition. 

What happens to this system of 
metallic ions when the neuron is 
conducting an impulse? In 1902, a 
German scientist, Julius Bernstein of 
the University of Halle, proposed 
that during impulse conduction, the 
membrane loses its resistance to the 
sodium ions in the extracellular 
fluids. Sodium ions then flow into the 
fiber of the neuron. Electric currents 
generated by the movement of ions 








by David Nachmansohn, Academic Press 


This electron micrograph of nerve fiber shows the node of Ranvier. It is a depres- 
sion in the fatty sheath surrounding the nerve cell fiber. Dr. Wolf-Dietrich Dettbarn 
of Columbia University placed drops of curare, an arrow poison, on the node. He 
found that it stopped nerve impulse transmission. It is thought that curare can enter 


the nerve cell through this thin region and interfere with its normal functioning. 
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Science World graphic 


During nerve impulse transmission, so- 
dium ions enter nerve fiber, while potas- 
sium ions leave. Exchange of ions sets 
up electrical currents within nerve fiber. 


would then change the resistance far- 
ther along the membrane. In this 
way, according to Bernstein, the im- 
pulse would travel along the length 
of the fiber. 

The theory seemed to account for 
the electrical events known to occur 
in impulse transmission. There was 
one difficulty—no one could give ex- 
perimental proof of the Bernstein 
“membrane” hypothesis, as it came 
to be called. Neurons, their fibers, 
and membranes were far too small to 
permit electrical measurements. 

in 1933 a way out of this difficulty 
was discovered by a British neuro- 
biologist, Dr. J. F. Young of Univer- 
sity College, London. In examining 
the nervous systems of cephalopods 
{squids and cuttlefish—free swim- 
ming. jet-propelled relatives of the 
clams and oysters) he discovered 
that these have excep- 
tionally large nerve fibers. They 
vary from 0.2 mm. in cuttlefish up to 
1 mm. in some squids. Such large 
fibers would permit the insertion of 
electrodes in extremely fine-drawn 
called micropipettes. 


animals 


glass tubes 
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With this apparatus and oscilloscopes 
—electrical measuring devices that 
produce visual traces of a flow of 
current in much the same way a TV 
picture tube forms an image—neuro- 
biologists were able to make electri- 
cal measurements on the fiber. 

Many carefully designed and 
painstaking studies followed. Neuro- 
biologists—Dr. Nachmansohn among 
them—found that during impulse 
transmission, sodium passes into the 
fiber and potassium passes out. The 
measured quantities of ion flow were 
found to be sufficient to account for 
the electrical events in neuron fibers. 
Furthermore, they found that as the 
impulse travels, the membrane per- 
mits sodium ions to enter the fiber, 
just as Bernstein predicted. 


Venom—Experimental Tool 


What do arrow poisons and ven- 
oms have to do with all of this? 

Dr. Nachmansohn and his associ- 
ates have used these exotic substances 
in experiments designed to support 
with new evidence a theory that may 
explain how the sodium ions enter 
the nerve cell. 

During impulse transmission some 
chemical change must occur in the 
membrane so that sodium ions can 
pass into the cell. Dr. Nachmansohn 
hypothesizes that ACh may not only 
transmit nerve impulses at the syn- 
apses and at the nerve-muscle junc- 
tion, but may act all along the fiber 
to reduce the membrane’s resistance 
to sodium, and thus account for the 
electrical events in impulse transmis- 
sion throughout the fiber. 

According to Dr. Nachmansohn, 
ACh is a chemical “key” that opens a 
door in the membrane. It acts by 
causing a protein in the membrane 
to curl up. As the protein curls up, 
the sodium ions enter the cell. As the 
sodium ions move in, they bring 
about the release of more ACh. This, 
in turn, causes more protein mole- 
cules to curl up, allowing more so- 
dium to enter. Thus the impulse is 
propagated along the length of the 
fiber. 

During the past 20 years, research 
by Dr. Nachmansohn and other sci- 
entists has produced much evidence 
to support this view of the role of 
ACh. 

Dr. Wolf-Dietrich Dettbarn, one of 
Dr. Nachmansohn’s associates at 


Columbia, has recently added new, 


strong evidence that ACh may be 
present all along the nerve fiber 
rather than only within the synaptic 
region. In his experiments, Dr. Dett- 
barn used the Indian arrow poison 
curare—a substance which blocks the 
action of ACh by competing with it. 

Dr. Dettbarn whittled down a 
nerve taken from a frog—from several 
thousand fibers to a single fiber— 
using tiny scissors under a micro- 
scope. He stimulated the fiber with 
an electric current and measured its 
transmission. Then he carefully cir- 
culated a solution of curare around 
a single Ranvier node (where the 
myelin sheath is very thin). When 
he stimulated the nerve again, no 
impulse was transmitted. Apparently 
the curare had stopped the transmis- 
sion of the impulse past the region 
of the Ranvier node! The assumption 
was that curare joined chemically 
with the protein in the membrane 
and thus shielded it from the action 
of ACh. 

Thus Dr. Dettbarn’s experiments 
are important new links in a long 
chain of evidence. It supports the 
theory that ACh is of primary im- 
portance in electrical impulse trans- 
mission throughout the cell, rather 
than at the synapse alone. 

Other scientists have pointed out 
that this is only indirect evidence. 
No one has yet demonstrated experi- 
mentally that ACh exists anywhere 
but in the synaptic region. Some re- 
searchers have also pointed out that 
when ACh itself is applied diréctly 
to the nerve fiber, it does not pro- 
duce the expected change in the 
membrane. 


The Receptor Protein 

It may be, however, that myelin, 
the fatty substance in the sheath 
around the fiber, prevents ACh from 
reaching the membrane. Experi- 
ments by Dr. Philip Rosenberg and 
Dr. Seymour Ehrenpreis indicate 
that this may be the case. 

They dissected a large nerve fiber 
from a squid. This fiber was soaked 
in cobra venom for one half hour. 
Cobra venom contains chemicals 
which dissolve the myelin in the 
sheath around the fiber. After this 
treatment, curare blocked the trans- 
mission of the impulse wherever it 
was applied. When they washed the 
curare away with seawater, the fiber 
was again able to transmit impulses. 









Recent research by Dr. Ehrenpreis 
has added another link in the chain 
of evidence supporting Dr. Nach- 
mansohn’s idea. His theory depends 
upon the presence in the membrane 
of a protein that could curl up in 
response to ACh. Scientists have long 
agreed that such a protein exists in 
the membrane. Because this protein 
readily attracts or unites chemically 
with ACh, it is called a receptor pro- 
tein. 

Recently the receptor protein was 
isolated and identified in solution for 
the first time. Dr. Ehrenpreis ex- 
tracted the receptor protein from 
electric organs of Amazonian electric 
eels (see page 22). He expected to 
find large quantities of the receptor 
in these organs because of their in- 
tense electrical activity. He chopped 
up the organs into small pieces and 
homogenized them in an electric 
blender. Then he centrifuged this ma- 
terial several times to concentrate it. 


Nerves and Anesthesia 


Curare was then added to the so- 
lution. The curare combined with 
the receptor protein. Then an alka- 
line base was added to the solution 
containing receptor protein and 
curare. This mixture was placed in 
a cellophane sausage casing—the 
same as that used in high school 
labs to demonstrate osmosis. The 
base caused the curare to separate 
from the receptor protein. Curare 
passed through the sausage casing 
and left a relatively pure solution of 
protein behind. Now the receptor 
protein, a key link in the theory, can 
be studied in test tubes, outside of 
the living cells. 

Dr. Ehrenpreis’ isolation of the re- 
ceptor protein may have important 
applications in the science of pain 
control—anesthesia. 

In experiments with the receptor 
protein, Dr. Ehrenphreis has shown 
that anesthetics combine with it just 
as does curare. If a local anesthetic 
such as procaine—used by dentists— 
combines with the receptor protein 
in test tubes, this may explain how 
it is able to kill pain—by blocking the 
nerve’s ability to transmit an electri- 
cal impulse. This technique may be 
used to develop better anesthetics. 

Thus the substances we know and 
fear as poisons may indeed be sub- 
stances that not only prolong life, but 
help to explain it. 
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FIRE 








BY SIMON DRESNER 


he earliest records of man are bits 

of stone that were chipped or 
carved to serve as tools. Later, men 
carved statues out of stone to express 
their emotions or celebrate great 
events in their generation. 

During these thousands of years, 
the stone has been carved by slowly 
grinding or chipping away small frag- 
ments with flint or metal tools. The 
era of the rocket engine, however, 
has yielded a new way of carving 
and shaping stone—the high-temper- 
ature flame. Small jets of flame simi- 
lar to the afterburner flames of jet 
planes now “blast” and melt stone 
almost as if it were butter. 

The stone-carving flame, devel- 
oped by researchers at Temple Uni- 
versity in Philadelphia and the Linde 
Company, is basically a long hol- 
low iron pipe, wielded by the oper- 
ator like a medieval lance. The lance 
can burn a hole through a foot-thick 
concrete or granite block in a few 
minutes. 

The stone-cutting lance is partly 
an oxyacetylene torch—the oxygen 
and acetylene gases are fed into the 
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iron pipe and burn at its end with 
an intensely hot flame. At the same 
time, a mixture of iron and alumi- 
num powder is fed into the pipe. At 
the end of the pipe the mixture is 
ignited by the oxyacetylene flame so 
that the two metals combine fiercely 
with oxygen. The result is a slim jet 
flame four inches long containing a 
tremendous amount of energy. The 
flame is emitted from the end of the 
pipe at a speed of 7,000 feet per sec- 
ond at a temperature of 5,500°F. 


Chemistry of Flame 


This combination of intense heat 
and high velocity causes the stone to 
melt or crumble. As the stone-cutting 
flame is used, the iron pipe melts and 
is consumed as additional fuel. 

The new jet flame lance can cut 
through every known material. It has 
already been used to cut sections from 
the stone piers of the Brooklyn Bridge 
in New York in order to make room 
for another roadway. It has also been 
used at the Portsmouth Naval Ship- 
yard, Portsmouth, New Hampshire, 
to remove a concrete slab 325 feet 
long, 2 feet thick, and 15 feet wide. 


The slab had to be removed quickly, 
to enable construction to begin on 
the atomic submarine Abraham Lin- 
coln. A 1,700-pound - steel _ ball 
dropped on the concrete from a 
height of 60 feet did not even crack 
it. 

The entire job was done with 
stone-cutting lances, which sliced the 
concrete into 22 sections weighing 
approximately 30 each. The 
assignment was completed in eight 
days—about one tenth the time it 
would take jackhammers! 

This feat was actually an applica- 
tion of a phenomenon which man 
has known ever since he discovered 
fire and flame. 

To understand fire, we must first 
understand the type of chemical re- 
action we call combustion. The con- 
cept of combustion was first intro- 
duced by the brilliant French chem- 
ist Antoine Lavoisier, who was guil- 
lotined during the French revolution. 
Before Lavoisier learned experiment- 
ally the nature of fire and combus- 
tion, it was generally thought that 
fire was a substance which flowed 
from one material to another. In the 
Middle Ages, alchemists considered 
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Miniature rocket motor measures thrust of various fuels. 
Wire at tip of nozzle ignites engine. Insulated tubes feed 
cold fuels such as liquid oxygen. Thrust is about 15 lbs. 


Sel 


Oxygen and aluminum powder blown 
from nozzle ignite into 5,500°F. flame, 
shown cutting 8-inch cinder block. 


fire to be one of the four fundamental 
elements of which the world was 
made (earth, air, and water were 
the other three). 

Today the term “combustion” is 
usually used to describe any heat- 
producing chemical reaction, taking 
place at any temperature. Combus- 
tion may be as slow and uneventful 
as the rusting of iron or as violent as 
the explosion of a hydrogen-oxygen 
mixture producing a temperature of 
3,000° C. 

In a sense, fire can be thought of 
as simply any combustion process 
intense enough to emit light. It may 
be a quietly burning flame or the 
brilliant flash of an explosion. 

A typical combustion process is 
the burning of gasoline in an auto- 
mobile engine. The octane fuel is 


mixed with air, compressed in the 
engine's cylinder, and ignited by a 
spark. Two molecules of octane 
(CgHig) react with 25 molecules of 
oxygen in air to form 16 molecules 
of carbon dioxide and 18 molecules 
of water, thereby releasing 2,632,000 
calories (the calorie being a meas- 
ure of heat). The hot carbon dioxide 
exerts pressure on the piston and 
drives the engine. 

The spark at the tip of the spark 
plug starts the explosive chemical 
reaction by igniting the fuel mixture 
in the immediate area of the spark. 


Combustion Waves 


As this fuel flames up, the heat gen- 
erated flows into the adjacent layer 
of unburned fuel and ignites it. In 
this way, a zone of intense burning 
spreads throughout the fuel mixture 
until the combustion is complete. 
This moving zone of burning fuel, 
spreading throughout the mixture, 
is called a combustion wave. 

The speed at which a combustion 
wave travels through a fuel mixture 
is called the burning velocity of the 
mixture. The burning velocity of a 
fuel such as methane quietly burn- 
ing in air is only about one foot per 
second. By comparison, the burning 
velocity can be many feet per sec- 
ond for more reactive combinations 
such as hydrogen and fluorine. 


Temple University photos 


Microrocket spews flame at 7,950°F. using propane fuel and 
a mixture of ozone, oxygen, and fluorine as oxidizer. Rocket 
is operated by remote control from behind safety barrier. 


What happens when an explosive 
mixture flows continually out of an 
opening? If the flow velocity of the 
fuel stream matches the speed of the 
combustion wave, the result is a sta- 
tionary flame, like the one in your 
kitchen gas burner. In the kitchen 
burner, a jet of fuel gas, mixed with 
air, flows from the openings in the 
head of the burner. The combustion 
wave is stabilized at a fixed distance 
from the opening in the burner. When 
the velocity of this flow is reduced to 
less than burning velocity, the flame 
travels back into the opening and 
may go out. If the velocity of the 
gas-air mixture jetting from the 
opening is greater than the burning 
velocity, the flame blows out. 

When one fuel gas is substituted 
for another, there is a change in the 
flow velocity at which the flame will 
be stabilized. The burner and flow 
conditions must be adjusted to the 
burning velocity of the particular 
fuel. You can easily observe this by 
varying the adjustments on a bunsen 
burner. 

If you happen to be living in a 
city which recently changed from 
manufactured gas to natural gas, you 
are probably aware that a mainte- 
nance man had to adjust your stove 
before it could be operated properly. 
The reason? Natural gas, which gives 
more heat than coal gas, has a 
greater burning velocity. 
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In jet engines traveling at 500 to 
600 miles per hour, such as the ram- 
jet, it is difficult to prevent the flame 
from being blown out by the blast of 
air entering the combustion chamber 
at high speed. Jet pilots call this con- 
dition “flameout.” 

The chemical reaction we call a 
flame depends not only on heat, but 
also upon the formation of molecular 
fragments that live for only a few 
thousandths of a second—free radi- 
cals. ; 

A chemical radical is a group of 
atoms joined together in a specific 
manner. For instance, the ethyl radi- 
cal, C.H;, has five hydrogen atoms 
strung around a backbone of two 
carbon atoms. Such specific groups 
of atoms act as building blocks for 
larger molecules. Two ethyl radicals 
may unite to form the butane mole- 
cule, one of the possible compounds 
in gasoline. Butane may also be 
formed by the union of a methyl 
radical (CH3) and a propyl radical 
(C3H;). 


At this point you might well ask: 


FLAME TEMPERATURE 
OF ROCKET FUELS 












































At pressure of 300 Ibs. /in.’ Conngrate 
Hydrogen plus Fluorine 4,500 
Cyanogen plus Oxygen 4,700 
Hydrogen plus Oxygen 3,200 
Gasoline plus Oxygen 3,100 
Gasoline plus Nitric Acid | 2,750 
Nitromethane 2,200 
Ethylene Oxide 1,100 
-90 Hydrogen Peroxide 750 
At pressure of 15 Ibs. /in2 

Acetylene 2,250 
Hydrogen 2,100 
Carbon Monoxide 2,100 
Methane 1,900 
Aluminum (Powdered) 3,500 
Beryllium (Powdered) 4,500 


Table shows the burning temperature of 
various fuels, in two pressure ranges. 
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UNBRANCHED REACTION CHAIN 


HCI 
—> Cl, < HCl 
cl——>H, < 


BRANCHED REACTION CHAIN 


. H,O 
WV iv— o% OH—> H 
: o-— H, c ’ 


Hydrogen atom starts unbranched reaction chain of chlorine and hydrogen, results in 
release of single new hydrogen atom to continue reaction. Branched reaction chain of 
hydrogen and oxygen releases new hydrogen atoms at three-for-one rate, is explosive. 


What is the difference between a 
radical and a molecule? The most 
striking difference between the mole- 
cule and the radical in the above ex- 
amples is that the molecule has an 
even number of hydrogen atoms, 
while each radical has an odd num- 
ber of hydrogen atoms. There is no 
known simple compound of carbon 
and hydrogen with an odd number 
of hydrogen atoms. Therefore, radi- 
cals must necessarily be unstable. 


Reaction Chains 


Flame and explosions are pro- 
duced not only by heat, but also by 
a chemical process known as reac- 
tion chains, which employ free radi- 
cals. A reaction chain is simply a 
process whereby a free radical re- 
acts with an atom or molecule, and 
in the process releases a new free 
radical to continue the reaction. If 
only one new free radical is released, 
the process is called an unbranched 
reaction chain. If two or more free 
radicals are released, the process is 
called a branched reaction chain. 

A typical unbranched reaction 
chain occurs in a mixture of hydro- 
gen and chlorine. These elements 
have such an affinity for each other 
that a hydrogen atom will detach 
a chlorine atom from a chlorine mole- 
cule, and vice versa. When an atom 
of hydrogen reacts with a molecule 
of chlorine it forms hydrochloric 
acid (HCl) and releases the other 
chlorine atom, which in turn re- 


acts with a hydrogen molecule and 
frees another atom of hydrogen. The 
newly released hydrogen atom con- 
tinues the reaction chain. 

On the other hand, the reaction 
chain in a mixture of hydrogen and 
oxygen is a branched one. The chain 
begins when an occasional hydrogen 
molecule spontaneously splits into 
two hydrogen atoms. An atom of 
hydrogen takes an atom of oxygen 
from an oxygen molecule, forms a 
free radical, OH, and releases an 
oxygen atom, which in turn takes a 
hydrogen atom from a_ hydrogen 
molecule to form another OH rad- 
ical, and release a new hydrogen 
atom. The OH radicals react with 
hydrogen molecules to produce mol- 
ecules of water—the end product 
of the reaction—and free additional 
hydrogen atoms. The net effect is 
that the action of one hydrogen atom 
releases three new hydrogen atoms, 
each capable of starting its own re- 
action chain. In other words, the 
chain is branched. The branches may 
multiply without limit and thus pro- 
ceed rapidly to an explosion. 

A theory designed to explain why 
free radicals are usually unstable 
was proposed by Gilbert Lewis of 
the University of California. All 
atoms or groups of atoms owe their 
chemical properties to their electrons. 
The spinning electrons behave as 
ultra-small “magnets.” The direction 
of spin determines the direction of 
the “magnet’s” poles. In a molecule, 
the magnetic forces of electron spin 











neutralize each other, because the 
electrons having opposite spin pair 
off to form bonds, which hold the 
atoms to each other in the form of a 
molecule. But in a structure of atoms 
containing an odd number of elec- 
trons, such as a free radical, one elec- 
tron is, of course, left unpaired. This 
unpaired electron will tend to pair 
off with an electron from a nearby 
atom and form a bond, so that the 
radical becomes a molecule. For this 
reason, free radicals are inherently 
unstable and react readily. 

The magnetic force of the un- 
paired electron in a free radical is 
large enough to be measured. In fact. 
the presence of free radicals during 
a chemical reaction can be detected 
by allowing the reaction to take 
place within a magnetic field. The 
sample containing the suspected free 
radicals is suspended between the 
poles of an_ electromagnet and 
weighed, first with the magnetic 
field on, and then with the magnetic 
field shut off. A higher reading on 
the balance will indicate the pres- 
ence of free radicals: the higher 
the reading. the greater the number. 


Fire and Temperature 


Unstable free radicals react vig- 
orously with oxygen and form one 
of man’s oldest reaction chains—fire. 
The molecule of oxygen contains two 
atoms and an even number of elec- 
trons, so it might be thought that 
all the electrons would be paired 
off and thereby limit a reaction. But 
magnetic experiments have shown 
that two of the oxygen electrons— 
for reasons not yet clearly under- 
stood—are left unpaired. This unu- 
sual fact explains why oxygen reacts 
vigorously with free radicals in a 
flame. Radicals in contact with oxy- 
gen do not have to break up the 
molecule before the reaction can 
occur. 

But oxygen can react less violently 
with free radicals. A familiar ex- 
ample of the slower type of reaction 
is the drying of ordinary oil-based 
paint. In this process, called auto- 
oxidation, the oxygen of the air re- 
acts with free radicals in the drying 
oil to produce a tough film. The 
linseed oil molecules link together, 
producing an insoluble coating. 

How is it that the type of reaction 
which results in such a quiet process 





as the drying of paint also produces 
the spectacular reaction chains of 
flames and explosions? The essen- 
tial difference between the two proc- 
esses is the temperature at which 
they occur. 

In general, the temperature re- 
quired for the formation of free radi- 
cals in combustion varies from about 
200° to 1,800° F., according to the 
compound. At lower temperatures 
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Science World graphic 
Presence of free radicals in chemical 
reaction can be detected by weighing 
sample between poles of electromagnet. 





National Bureau of Standards 


Free radicals trapped in frozen gas at 
liquid helium temperature glow brightly. 
Radicals usually live for only fraction 
of a second, are stabilized by freezing. 





each free radical in a reaction chaip 
produces only one new free radical 
Therefore the reaction is unbranched 
—it must take place by single steps} 
over a longer time. The heat slowl 
produced is dissipated to the sur 
roundings and does not speed up the 
reaction. 

However, at the temperature of] 
a flame, the heat breaks some of the 
more stable bonds, such as the one 
between two oxygen atoms. This re- | 
leases more free radicals and _ thus 





makes possible a branched reaction} 
chain. 

An unbranched low-temperature | 
reaction chain sometimes be 
come a high-temperature branching | 
reaction chain. This can occur wher 
the heat produced by the low-tem- | 
erature reaction is retained instead | 
being dissipated. When the temper- 
ature rises to the point where the| 
reaction chain begins to branch, the 
system breaks into flames. This is the 
process that accounts for a major fire 
hazard—the spontaneous combustion 
of oily rags. 


can 


Inhibiting Reactions 


In a flame or explosion, the reac- 
tions are extremely fast. In many 
chemical processes, however, such a 
rapid auto-oxidation process would 
be extremely destructive. One wa\ 
to avoid this is to remove any free 
radicals that may be formed spon- 
taneously, thereby preventing them 
from starting a reaction chain. Agents 
which will perform this function are 
called inhibitors. They are incorpo- 
rated with rubber to prevent it from 
cracking due to the formation of a 
long chain. 

Vitamin E is a good inhibitor of 
auto-oxidation reactions. One im- 
portant place where reaction chains 
are suppressed is in the human body. 
In the complicated series of steps by 
which oxygen is used to obtain 
energy from the food we eat, all the 
electrons in the chemical reactions 
involved remain paired, so that no 
free radicals are formed. Some bio- 
chemists theorize that Vitamin E 
performs the function of protecting 
many body substances against the 
destructive effects of possible reac- 
tion chains. 

Thus the chemical processes of life 
are linked to the flame that powers 
the jet engine and carves through | 
solid stone. 
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The Processes of Science » toon: 


Flame Tests 


The yellow color of a match flame is 
caused largely by the incandescent par- 
ticles of carbon which come from the 
wood or paper of which the match is 
made. If, however, all of the carbon in 
the fuel immediately oxidizes to carbon 
monoxide or carbon dioxide (as is the 
case when a bunsen flame is adjusted 
properly), the flame becomes pale blue. 
The colors emitted by incandescent ma- 
terials can be used to illustrate a basic 
principle of spectroscopy. Incandescent 
solids emit all colors of light and thus 
produce a continuous spectrum, Incan- 
descent gases, on the other hand, pro- 
duce specific colors (or lines) charac- 
teristic of the chemical elements of 
which they are composed. 

About ten of the elements and their 
chemical compounds show specific and 
characteristic flame colors when heated 
in the bunsen burner. Among the ele- 
ments which give a bunsen flame char- 
acteristic colors are sodium, strontium, 
potassium, lithium, copper, and cal- 
cium. If you can obtain a salt (such as 
the chloride) of each of these elements, 
you can observe the distinctive color 
that each of these metals gives to a 
bunsen flame. 

Prepare several nichrome wire loops 
as shown in Figure 1. Adjust a bunsen 
burner flame until it is clear blue. Heat 
the nichrome loop in the flame until it 
glows, but gives no color to the flame. 
Dip the hot loop into the salt to be 
tested. Now insert it into the tip of the 
inner cone of the bunsen flame. Notice 
the predominant color. Do the same 
With each of the substances, using a 
new loop for each of them, and marking 
each compound. 
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Making a Spectroscope 

You may want to examine the col- 
ored flames with a spectroscope. Re- 
cently, there appeared on the market 
an inexpensive diffraction grating with 
which you can make a very fine spec- 
troscope. In addition to one square inch 
of this grating, you will need a shoe 
box, two razor blades, and some Scotch 
tape. 

Figure 2 shows the construction de- 
tails. About one inch from one side, 
cut a hole about %-inch in diameter. 
Exactly opposite this hole, cut a long 
narrow slit about %-inch wide. Tape the 
grating over the round hole so that the 
fine lines on it run vertically with re- 
spect to the slit. Protect the grating by 
placing a square of clear plastic or glass 
over it. At the other end of the box, 
tape the razor blades over the slit so 
that they form an opening about 1 mm. 
wide. 

Now, with the top of the box in 
place, align your spectroscope so that 
the slit is parallel to the bunsen flame. 
Have a partner place the wire loop in 
the inner part of the flame. The wire 
will glow brightly. Line up the spectro- 
scope so that you see a bright con- 
tinuous spectrum on either side of the 
slit. Observe the flames produced by 
the salts. Look at the spectra formed by 
other light sources, such as neon and 
mercury vapor lamps. 


Measuring Wave Length of Light 
Your spectroscope can be used to 
measure the wave length of the various 
colors of light. One modification of 
your spectroscope is required. At the 
slit end of the box (at the point where 
the spectrum appears) cut a narrow, 
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horizontal slit about the width of a saw 
blade. Now, aim your spectroscope at 
an incandescent light. The spectrum 
will appear superimposed on the slit 
through which a small amount of white 
light is streaming. 

Let us say you want to measure the 
wave length of the yellow light of the 
spectrum. Take a 3-inch x 5-inch index 
card and move it along the back of the 
box until its edge appears centered on 
the yellow of the spectrum. Make a 
mark on the top of the box at this 
point. Now, you can calculate the wave 
length of the yellow light. The rela- 
tionship is given by the formula 

A= dx 
l 
Greek letter lambda is the wave length 
of the light, d is the distance between 
the rulings on the grating, and x is the 
distance between the center of the 
razor blades and the point at which the 
yellow light appears. The distance, I, 
is the distance from the position of the 
yellow light to the center of the grat- 

ing. See Figure 3. 
For the inexpensive grating referred 

1 

to, d is 5280 cm. Since the d-spacing 
is in centimeters, the distances x and I 
must also be measured in centimeters. 

Here is a question you might want 


to investigate concerning flame tests 
and spectroscopy. 
Question: How can you be con- 


vinced that the flame colors you see 
are characteristic of sodium, copper, 
calcium, potassium, etc., and not of their 
chlorides? 

Answer: Try other salts of the same 
metal, such as sodium bicarbonate, cop- 
per sulphate, ete. 











Hospitable Hamster 


Biologists have discovered that the 
Syrian hamster is more than a furry 
little household pet—it is one of the few 
animals which can accept a graft of 
tissue from another animal, or even 
from a human being. 


These small rodents with large cheek 
pouches have an unusual ability to ac- 
cept transplanted tissue. Ordinarily, a 
transplanted organ or tissue is promptly 
rejected and sloughed off by the recip- 
ient, unless the donor and recipient are 
identical twins. If the rejection process 
could be stopped, the main obstacle 
to the transplantation of skin or whole 
organs from person to another 
would be removed. 

According to Dr. Rupert E. Billing- 
ham of the Wister Institute of Anatomy 
and Biology, Philadelphia, Pa., foreign 
tissue, including human tissue, can be 
grafted onto the large cheek pouch the 
hamster uses to store food. He explained 
that a layer of special. slimy connective 


one 


tissue under the cheek pouch protects 
the transplanted tissue from the process 
by which the hamster usually rejects 
foreign material. This layer apparently 
“quarantines” the foreign tissue from 
the rest of the body. Thus the rejection 
process is not triggered. 

However, Dr. Billingham found that 
if a second foreign tissue graft is ap- 
plied elsewhere on the hamster's body, 
the second graft triggers the rejection 
process, and both grafts are rejected. 
The connective tissue layer in the cheek 
pouch apparently prevents an alert of 
the body’s rejection process. But it can- 
not prevent the graft in the cheek pouch 
from being sloughed off once a, second 
graft in another part of the body alerts 
the rejection process. 

Dr. Billingham was for ten years a 
student and colleague of Dr. Peter B. 
Medewar who recently, with Sir F. 
MacFarlane Burnet, awarded a 
Nobel Prize for work in 
plantation and immunity (sec 
World, Nov. 9, 1960, p. 20). 


was 
tissue trans- 
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Spherical cage measures effect of Earth’s magnetism on Tiros Il weather satellite 
before launching. Electric currents through wires in cage simulate Earth’s magnetism. 


Wide World photo 





New Second 


The international unit of time called 
the second has been reduced by one 
part in 100,000,000. 

The new second will not require you 
to adjust your watch, but it will have 
great importance in accurate scientific 
measurement. 

The decision to accept the shorter 
second as an international standard of 
time was a meeting of the 
General Weights and 


taken at 
Conference of 


Measures, which met last October in 
Paris. 
The unit of time long had_ been 


measured according to the time it takes 
for the Earth to make a complete rota- 
tion on its axis, called a day. This meas- 
ure was adjusted for the time it takes 
the Earth to make a complete journey 
around the sun, called a year. The 
length of the year was measured by 
observing the position of the stars. 

Unfortunately, this astronomical basis 
for the unit of time is not too accurate 
The motion of the Earth varies slightly, 
both in rotation on its axis and in orbit 
around the sun. 

To overcome this handicap, scien- 
tists next decided to accept an average 
value for the motion of the Earth, and 
called it the “mean solar day.” They also 
defined one 86,400th of a “mean solar 
day” as a “mean solar second.” Ordinary 
chronometers and watches are synchro- 
nized to keep time with this average 
value of the second. 

However, several decades ago, it was 
discovered that the 
varied from year to year. 

As a result, astronomers and _stand- 
ards keepers have decided to adopt a 
definition of the second based on one 
particular solar vear in the past. The new 
standard adopted at the October con- 
ference defines the standard second as 
one 31,556,925.9747th of the length of 
the 1900. This is than 
the mean solar second by one part in 
100,000,000. 

The standards scientists, however, are 
looking for a definition of time which 
will not depend on the motion of the 
Earth. They hope to find it in the heart 
of the atom. When atoms or molecules 
are excited by electrical energy, the) 
such as 


mean solar day 


year shorte1 


emit electromagnetic waves 
light or radio waves. By counting the 
number of waves in a certain period, @ 
very accurate measure of time can be 
defined. When such an atomic measure 
is decided upon, the Earth will have lost 


its place as our standard timekeeper. | 


SCIENCE WORLD 


. 


— 











d by one 


quire you 
will have 
scientific 


e shorter 
indard of 
g of the 
ghts and 


ctober in | 


iad been | 


e it takes 


lete rota- | 


his meas- 
» it takes 
» journey 
ear. The 
sured. by 
stars. 

ical basis 
accurate. 


; slightly, } 


| in orbit | 


p, scien- 
| average 
urth, and 
They also 
ean solar 
Ordinary 
synchro- 
average 


‘oO, it was 
ar day | 


d_ stand- 
adopt a 
on one 
The new 
ber con- 
‘cond as 
ength of | 
er than | 
part in 


ever, are 
e which 
1 of the 
he heart 
olecules 
sv, they 
such as 
ting the 
eriod, a 
can be 
measure 
1ave lost 
keeper. 





VORLD 


me called 






































i a ae 
CHUNG~. */ 


Tsu 

























































©) Formations authenticated with precise outlines 
<> Formations with less precise outlines 


zs; Formations, the outline of which requires more 
“precise definition 


Map of Moon’s “Far Side” 


The Soviet Union recently released the first map of the 
“far side” of the moon. The map is based on photos taken by 
cameras aboard a space vehicle rocketed around the moon 
in October 1959. The photos were transmitted to Earth. 

The photos gave astronomers their first look at the far 
side of the moon. As the moon revolves around Earth, it is 
also rotating on its axis in the same period of time (27 days). 
Thus the moon always presents the same side to us. 

Since the invention of the telescope in the seventeenth 
century, astronomers have known that the near side of the 
moon had a rugged terrain—with craters, mountains, and 
“seas.” (The moon’s “seas” are believed to be deserts of lava 
or dust, which give the “man in the moon” his features.) 
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ZDC>» Formations, darker than the surrounding background 
( _) Formations lighter than the surrounding background 


----- Bright rays 
== =e Border of visibility 


New York Times map 


But Soviet photos of the far side showed a flatter terrain. 

Long before the Soviet photographic evidence was made 
available, some astronomers had predicted that the moon’s 
far side would be relatively smooth. 

These astronomers pointed out that the near side of the 
moon bulges nearly one mile toward the Earth. This bulge 
may have resulted from the Earth’s gravitational attraction 
when the moon was molten. The stress of the Earth’s tug on 
the moon might have built up mountains, “seas,” and craters 
on its near side, leaving the far side smoother. 

Another hypothesis suggests that the difference in terrain 
between the moon’s near side and far side could have re- 
sulted from a shower of meteorites striking the near side of 
the moon. Before either hypothesis can be confirmed, 
astronomers will need more revealing photographs. 
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CHRISTOPHER COATES— 


ELECTRIC EEL EXPERT 





New York Zoological Society phote 
Electric eel held by Chrisopher Coates, nearly 9 ft. long, weighs almost 80 pounds, 
generates about 600 volts direct current. Baby eel has same voltage, less amperage. 
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Americun Institute of Electrical Engines 
Drawing of electric eel (top) shows ele! 
tric organs on one side only. A—larg 
electric organ; B—Bundles of Sachs; C- 
organs of Hunter; D—Pits on eel’s head 
enable eel to navigate and find food 
Electric pulses emitted by Bundles o 
Sachs are reflected by nearby objects and] 
detected by the pits, in much the same! 
manner that modern radar operates 





In this cross section of an eel, the area 


with parallel lines shows electric tis- 
sue, which comprises almost 60 per cent 
of the eel’s mass. Dotted area above 
this tissue is the swimming muscle 


N THE scale of living things, begin- 

ning with the most primitive worms 
all animals produce electricity. A few 
fishes, however, are capable of releas- 
ing tremendous voltages outside thei! 
bodies. 

This ability of these fishes was well 
known even before the phenomenon o 
electricity itself was recognized and 
understood. The electric catfish of the 
Nile is found pictured on early Egyp- 
tian tombs. The ancient Romans treat | 
ed gout and headache, and even mental 

(Continued on page 30) 
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PROJECT: A Specialized Instrument for 
Photomicrography 


Student: WALTER JESEWSKI, Grade 10, Winner, Future Scientists of America Awards 
School: Notre Dame High School, Harper Woods, Mich. Teacher: REV. THEODORE ELLIS 


e Problem: Design and construct an 
instrument that will produce photomi- 
crographs of good quality without using 
either a microscope or camera. 

Specifications: The design must be 
simple and based on readily understood 
principles of optics. The instrument 
must be constructed entirely of inex- 
pensive scrap or surplus materials. 

Walter Jesewski’s project report tells 
how he solved this problem. e 


WALTER’S PROJECT 

Permanent records of objects ob- 
served through a microscope can be 
made by two methods—drawings and 
photographs. Photomicrography has 
some advantages over drawing, for the 
quality of the permanent record does 
not depend upon the drawing skills of 
the observer. 

Basically, the usual method of mak- 
ing photomicrographs is to place a 
regular camera directly above the eye- 
piece of a microscope. My problem was 
to design and develop a specialized in- 
strument for photomicrography that re- 
quires neither a regular camera nor 
microscope. 

I decided that this problem could be 
solved by modifying a standard slide 
projector so that it would project an 
image of the object to be photographed 
directly onto the film. In choosing a 
lens, it appeared that a lens of rather 
long focal length (one half inch to 
four inches) would permit a large 
working distance between the lens and 
the slide. Thus, the instrument would 
be relatively easy to operate and would 
permit a wide range of objects to be 
photographed. However, to obtain high 
magnifications with a lens of such long 
focal length, the image would have 
to be projected over a long distance. 
To avoid making the instrument ex- 
tremely high or long, the optical system 
was folded by the use of three flat, first 
surface mirrors. A first surface mirror 
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Walter Jesewski 


In Walter’s instrument for making photomicrographs, the light beam traveling inside 
tubes is deflected ky mirrors and projected onto film held in box at lower left. 
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Detail of Film Box 
Side View 


Ground Glass 
Focusing Plate 
or Filmholder 


Diagram shows construction details of instrument. Components 
are made largely of scrap lumber and war surplus materials. 

















Pine needle cross section magnified 32X, exposed at 1/50 sec. 








Cross section of tilia stem magnified 32X, exposed at 1/25 set. 


Photos by Walter Jesewski 
In making good quality photomicrographs, Walter gave atten 
tion to details: choice of films, exposure time, and processing. 
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is one that has the metallic silver coat- 
ing on the front, or reflecting surface, 
rather than on the back as do ordinary, 
or second surface mirrors. The first sur- 
face mirror is necessary because it will 
form high quality images. 

The instrument is constructed, for 
the most part, of wood and aluminum. 
The base, film holder, the trapezoid- 
shaped mirror box, and supporting 
poles are constructed largely of lumber 
obtained from an old shipping crate. 
The four supporting poles are made 
from closet doweling. A rough, black, 
non-reflective finish on the wooden 
parts of the instrument was produced 
by sprinkling sawdust on the wood 
while the paint was still wet. When 
the paint dried, the excess sawdust 
was brushed off and a second coat of 
paint was applied. 

The two vertical tubes are of alumi- 
num. The interiors of these tubes were 
made non-reflective by lining them with 
dull black paper. The focusing device 
was made from a telescope eyepiece 





I added a stage and light source, which 
I constructed myself. The shutter and 
lens mount were placed in the smaller 
tube. 

Adjustable mirror mounts for the two 
flat, first surface mirrors were con- 
structed from pieces of bakelite and 
miscellaneous bolts and springs. The 
mirror in the film box is not adjustable. 
It is held in place by strips of wood. 
The film holder, located on the opening 
of the lower box, takes 4-inch x 5-inch 
cut film. 

In operation, light from the object 
passes through the lens and up the 
smaller tube. There, it is reflected by 
the two mirrors and passes down the 
larger tube. At the bottom of the larger 
tube, a third mirror reflects the image 
so that it strikes the film. 

To. focus the instrument, a piece of 
ground glass is placed over the film 
holder opening. Rough focusing is 
accomplished by sliding the lens up or 
down while rotating it slightly. Fine 
focusing is accomplished by rotating a 
fine threaded ring on the telescope eye 
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piece. The ground glass is then replaced 
by the film holder, the shutter set and 
cocked, and the exposure made. 

The power of the instrument may be 
varied from 32X to about 450X by 
changing lenses. I have used 32X for 
most of the photomicrographs made to 
date. The correct exposure for this 
power has been found to be 1/10 sec. 
to 1/50 sec. The correct exposure 
varies with the square of the magnifi- 
cation. This rule, however is not in- 
fallible. 

Good results have been obtained 
with Kodak “Royal-X Pan” film, which 
has a speed of 400. To increase the 
contrast of the negatives, I extend the 
recommended development time 50 per 
cent. All positives are contact prints, 
since I do not have an enlarger. 

To my knowledge, the instrument I 
have designed and constructed is the 
only one of its kind. Although I am 
very satisfied with the operation of the 
instrument, this will not prevent me 
from making improvements wherever 
possible. 















purchased from war surplus. To this, 


Taking Pictures Through Your Microscope 


Photomicrography is not difficult. The easiest way to go 
about it is simply to place your camera lens next to the 
microscope eye piece and take a time exposure. However, 
with a little more effort, you can make photomicrographs 
of which you will be proud. 

There are three basic steps. (1) Providing rigid mount. 
The tiniest jiggle during the time of exposure will spoil a 
good picture. (2) Finding the eye point. (3) Aligning the 
camera lens with the microscope lens. 

Best mount would be a steady work bench bolted to the 
floor and a good quality tripod. A satisfactory mount can be 
made of scrap lumber, nails, and a % x 20 screw (standard 
thread size for camera tripod sockets). See diagram. 


Finding the Eye Point 

The point above the eyepiece where the image is formed 
is called the eye point. To locate it, you will need a piece of 
ground glass or frosted plastic. Lacking either, a piece of 
Wax paper sandwiched in a frame of cardboard will work 
almost as well. We will assume, however, that you have a 
piece of ground glass. Look through the eyepiece and ad- 
just the mirror until illumination is brightest. Now hold the 
ground glass over the eyepiece (ground side down), and 
move it up and down until the spot of light on it is smallest 
and brightest. This is the eyepoint. Measure and record the 
distance between it and the lens of the eyepiece. When 
setting up your apparatus, the camera lens is to be located 
at this point. 


Alignment and Focusing 


Place the slide you plan to photograph on the stage. With 
your camera still unloaded, remove the camera back, or 
swing it to one side. Fasten the ground glass (ground side 
down) in the place where the film would be. Darken the 
toom except for the ‘scope illumination. Adjust the micro- 
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scope lenses, mirror, and camera until you get exactly the 
picture you want focused on the ground glass. Load the film 
and replace the back. 

For your first attempts, use fairly large objects under low 
power. Load your camera with panchromatic film and shoot 
a series of exposures at 5, 10, 20, 40, 60, 80, 90, 120 sec- 
onds. Record all conditions for each exposure. Gradually, 
you will build up a series of useful records. 





























26 


By ALEXANDER JOSEPH 


PROJECT POT 


Interfaces Between Layers of Water 
At Different Temperatures 

As is pointed out in the article “The 
World Ocean—Three Dimensional Puz- 
zle” (pp. 6-10) in this issue, warm and 
cold currents do not mix very much. This 
can be demonstrated with thermom- 
eters and a large aquarium or battery 
jar. First place 2 inches of ice water 
on the bottom. One trick to keep the 
demonstration going a long time is to 
place ice cubes in the bottom layer to 
approximate Antarctic water tempera- 
ture. Put shot in the ice trays to make 
cubes that sink. Place a laboratory 
thermometer on the bottom. Suspend a 


aquarium thread or wire 









thermometer =a 
Pee a RR 1 Sigtih aati 
ice cubes loaded with shot 


Gis 


+) Seog 


Ba 2 


second thermometer 2 inches above the 
first layer of water as shown in the 
diagram above. Then by means of a 
thin tube slowly add water at 30 de- 
grees centigrade until the water is sev- 
eral inches above the second thermom- 
eter. Then suspend a third thermometer 
two inches above the top of the second 
layer of water and slowly feed in water 
at 60 degrees centigrade until the third 
thermometer is well covered. 

Read the thermometers. Take addi- 
tional readings every five minutes. You 
will find that it takes a long time for 
the layers to mix. In much the same 


way, cold currents move along the 
ocean bottom without mixing with 
warmer layers above except at the 


boundaries. 

A more sophisticated demonstration 
would be to show that a sharp thin 
beam of light is bent or refracted dif- 
ferently in the layers of water at widely 
different temperatures. Colder water, 
being denser, refracts the light more. 


Neuromuscular Experiments 
(pla- 


Earthworms and flatworms 


naria) make ideal experimental animals 
with which to investigate responses of 






living tissues to electricity. A culture of 
planaria can be purchased from a bio- 
logical supply house. From it you can 
start and maintain a permanent culture. 

To investigate the 
planaria, place them in shallow watch 
glasses, saucers or on blotting paper 
saturated with salt water. Use two 1.5 
volt dry cells hooked in series as a 


responses of 


source of current. 

Place the positive lead % inch in front 
of the animal the 
% inch behind it. Reverse the poles. 

Place the electrodes about inch from 
each side of the head. Do not touch 
the with the leads or expose 
them to a continuous current, to avoid 


and negative lead 


worms 


injuring them. 

Use earthworms for similar experi- 
ments. If you record the results of youn 
investigations carefully, you may be 
able to formulate some generalizations 
from these simple experiments. 


Fresh Water From Salt Water 
By Freezing 


Demonstrating that water with a re- 
duced salt content separates out as ice 
forms can be shown very easily with the 
freezing unit of your refrigerator. First 
evaporate the water from 8 ounces otf 
a 4 per cent solution of table 
and weigh the salt that remains. Now, 
freeze a pint or so of 4 per cent salt 
solution until ice forms at the‘top to 
a depth of several inches. Remove 8 
ounces of the ice. Melt it, and evap 
orate the water. Weigh the salt residuc 
on a sensitive chemical balance in the 
laboratory. Compare — the 
weight of salt in the S ounces of melted 
with the salt in 8 the 
original solution. 


salt 


chemistry 


ice ounces of 

In Israel this method is being used 
experimentally to) make fresh 
from salt water on a large scale. Re- 


water 


peated melting and refreezing of the 
ice will separate the fresh water and 
concentrate the salt, just as happens in 
Antarctic water. 





In every issue, Science World presents 
a page of project pointers. Each pointer is 
related to one of the major articles or fea- 
tures. Each of these project pointers ex- 
plores some basic concept. The concepts 
and techniques may suggest further ideas 
to get you started on a project of your 


own. 











TERS 


Convection Currents 


— 


To show that cold waters (Antarctic 


waters, for instance) flow along. th 
bottom and_ that waters 
and flow at the top, set up the following 
water convection First 
obtain a very large deep glass jar o1 
better yet, use a large aquarium. Make 
sure that it is clean. 

Fill the aquarium with cold wate 
Then, as shown in the diagram be. 
low, take a three- or four-ounce wide 
mouth bottle and fit it with a two-hok 
stopper. Into the bottom of one hole ol 
the stopper, place a short length ol 
tubing. Then insert a two-inch lengtl 
of glass tubing into the top of the othe 


warmer rise 


demonstration. 











bString for 
Lowering 
Cold Hot / Bottle int 

Water > Water f Water 

Floats xX 
du, 1 Cold Water 
” Enters Hot 

/ ie T@lored 

fh Water 
hole. Be careful to see that the ends 


of the tubing are fire polished so that 
you do not cut yourself. Rigid plastic 
tubing can be used and is much safer 

Fill the small bottle with hot wate 
containing some red or blue ink. Place 
the bottle right side up in the bottom 
of the large container. In a few seconds 
a stream of colored warm water will 
move up and out of the upper tube ol 
the bottle, and rise to the top. As the 
laver of colored warm water at the top 
cools, it will gradually descend, At the 
same time, a colorless layer of cold 
water will enter the bottle and _ settle 
the bottom. This indicates that 
colder water goes to the bottom. At 
first, the colored hot water in the bottle 
will form a distinct separate layer above 
the cold water, which enters the bottl 
through the longer tube. 


on 


For more detailed data, experiment 


with different temperatures of cold 
water and hot water to measure the 
time it takes for the warm water to 
flow upward as a convection curren! 
and for the cold water to flow into the 
bottle. You might also try making @ 
photographic record of this demonstra- 
tion during the various phases. 
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Do you have a favorite brain teaser? 
Send it to Science World, 33 West 42nd 
Street, New York 36, N. Y. We will pay 
five dollars for each one published. In- 
clude the name of your school, home 
address, grade, and age. 
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BRAIN ‘TEASERS 





Busy Bookworm 
Professor Parkhurst owned a valuable 
book which had been published in two 
volumes. He kept both volumes in their 
proper order, side by side, on a shelf 
in his study. The binding of each vol- 
ume was one eighth of an inch thick, 
and the pages in each volume were a 
total of three and one half inches thick. 
One day the professor found to his 

sorrow that an industrious bookworm 
had burrowed in « straight line from 
the first page of Volume I to the last 
page of Volume II. But when the 
professor inspected the books, he found 
less damage than he had expected. 
Exactly how far had the bookworm 
burrowed? 

John Freese 

Bishop Miege HS. 

Overland Park, Kans. 
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Answers to Crossword Puzzle 
(see page 30) 
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Walk or Ride? 

Charles and Lee are bicycling from 
Rochester to a village 20 miles away. 
After traveling for only four miles, 
Lee’s bicycle breaks down. Charles and 
Lee realize that they can both walk, 
or that one of them can walk while the 
other rides the bicycle. However, they 
want to reach their destination quickly, 
at the same time, and with a minimum 
of walking. They can walk at four miles 
per hour, and bicycle at eight miles 
per hour. By what combination of walk- 
ing and bicycling can they best reach 
their goal? 

Patricia Daigneau 
Austin Jr. H.S. 
Austin, Minn. 
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Finding the Magnet 
Here is a puzzle designed to test your 

ability to think about a problem in 
physics. Suppose you have two identical 
metal bars. One is a magnet and the 
other is an ordinary piece of iron. The 
problem is to find out which iron bar 
is the magnet by placing the two bars 
in contact with each other. This can be 
done only once, and no other materials 
can be introduced to solve the problem. 
How would you decide which is the 
magnet? (Keep in mind that magnetic 
attraction is strongest at the poles of 
the magnet.) 

Richard Mishell 

Millburn H. S. 

Millburn, N. J. 
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Triangle Teaser 
Suppose you are given six identical 

toothpicks and told to place them so 
as to form four equilateral triangles. 
Each side of these triangles must be 
the length of one toothpick. Don’t give 
up too quickly! It’s a sticky problem, 
and there’s a trick to it! 

Ruth Albert 

J. E. Burke High School 

Dorchester, Mass. 
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Radiation Damage 
Dear Editor: 

In the Oct. 26, 1960, issue of Science 
World, you stated in the Letters De 
partment that “rapidly growing cells are 
more sensitive to radiation damage than 
mature, resting cells.” 

Would you explain why this is so? 

Joel Green 
West Nyack, N. Y. 


is based on 
observation. 


Answer: The statement 
evidence obtained from 
For example, most of the early symp- 
toms of radiation sickness occur in cell 
systems characterized by rapid replace- 
ment of cells. These are the blood and 
blood-forming organs, hair and _ skin, 
and the linings of the mouth and in 
testines. In all these systems there is 
constant cell division. 

The reason for the sensitivity of di- 
viding cells is not known. It may be 
that the chromosomes are present as 
formed bodies during some stages of 
cell division, and thus are more readily 
damaged by atomic particles or radia- 
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tion. Chromosome damage may result 
in cell death or abnormality. Dr. Theo- 
dore Dobzhansky of Columbia Univer- 
sity, New York City, suggests that dur- 
ing cell division chemical changes in 
the nucleic acids (the principal com- 
ponents of genes) may make them more 
sensitive to radiation. If so, this would 
also account for abnormalities and cell 
death. 


Easier to Catch than Chickens 
Dear Editor: 
Our health class would like to know 
how chicken pox got its name. 
Hilda Langer 
Fort Lee High School 
Fort Lee, N. J. 


Answer: No one knows who put the 
chicken in chicken pox. The medical 
name for the disease is varicella. It is 
also called water pock and glass pock. 

Chicken pox is a highly contagious 
disease caused by a virus. It is most 
frequently contracted by inhaling the 
Although chicken most 


virus, pox is 







































“Better hang up, sir. Any answer from 
Tau Ceti won't arrive for 11.8 years.” 


“| have a suspicion they 
are smarter than us.” 











often described as a childhood disease 
(almost all cases occur among children 
under 15) adults do sometimes con- 
tract it. 

There is no specific cure for chicken 
pox. Fortunately, its only complications 
are skin infections that may result from 
the patient’s busy scratching. 


Whistlers 
Dear Editor: 

I am writing in regard to your article 
“Antarctica—Window in a Magnetic 
House,” which appeared in the Oct. 26, 
1960, issue. Our science class would 
like to know exactly what paths whis- 
tlers take when they travel from their 
point of origin to the point of reception. 
We would also like to know if whistlers 
can be heard elsewhere than at their 
point of origin. 

John Curtin 
Detroit, Michigan 


Answer: The radio waves we call 
whistlers always travel along the Earth’s 
magnetic lines of force. A glance at a 
diagram of the Earth and its magnetic 
field (page 10 of the Oct. 26 issue) 
will show that every location in the 
Northern Hemisphere is the origin of a 
magnetic line of force which curves out 
into space and returns to the surface of 
the Earth at a corresponding point in 
the Southern Hemisphere. The points 
at which whistlers originate and are re- 
ceived are in the same longitude, and 
about the same distance from the Equa- 
tor. Since the Earth’s magnetic field is 
strongest near the poles, whistlers are 
heard there most often, Whistlers can 
be heard only within a 1,000-mile ra- 
dius around their point of origin ot 
reception. 
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The cars are safer...the roads are safer... 





the rest is up to you! 


Being able to drive the family car sure helps out around the holidays. Shopping for mom .. . running 
» last-minute errands... it’s fun, but it means a lot of extra driving. That means extra responsibility 

on your part. Because driving during the holidays or at any other time is always a big job. And when 

you’re given the car key it means your parents feel you can handle that job well. And you can! 





































Much has been done to simplify good driving. Such advances as easier steering and improved 
brakes, plus better visibility, ease the job even in heavy city traffic. The roads are better, too! Modern 
\ streets and highways are planned for safe and convenient travel. Yes, engineering has done wonders, 


disease but still no one has designed or manufactured a safe driver. This is a job you have to work at all the time. 


‘hildren Safe driving pays off, too, because a good driver drives more often. So drive with care and make sure 
- your holiday vacation is a happy one. 
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A car is a bi sponsibility . . . so handle it with care! 
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Geological Survey 


By Nancy King, Regina Dominican High School, Wilmette, Ill. 


* Starred words 


Students are invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
built around one topic 
in science, such as as- 
tronomy, botany, geolo- 
gy, space, electronics, 
famous scientists, etc 
Maximum about 50 
words, of which at least 
10 must be reloted to 
the theme. For each puz- 
tle published we will 
poy $10. Entries must in- 
clude symmetrical puzzle 
design, defin'tions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
tle is original and his 
own work. Keep a copy 
as puzzles cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
36, New York. Answers 
to this puzzle are on 
page 28. 


lL. Line drawing tor scientific 
eats, = 2 


purposes. 
Planets, such as the Earth, 
on their axis. 


8. Combining form meaning strange ot 
foreign. 
*L1. That branch of geology concerned 
with folding and faulting. 
13. Nobelium (chemical symbol). 
15. Je suis, : es, il est. 
16. Luteinizing hormone (chemical abbr.). 
17. Contraction of I am. 
18. Trinitrotoluene (abbr. ). 
20. Land bordering water. 
23. To take legal proceedings to court. 
24. You can't usually walk to one (abbr.), 
26. Major division of geologic time. 
27. Pseudonym of Irish poet George 
William Russell. 
28. Student at military school. 
29. Increase in tensile strength and hard- 
ness of metals. 
30. Each (abbr.). 
31. Sidereal hour angle (abbr.). 
°33. Narrow ridge of hills. 
34. Contraction of it is 
36. Shape of the Earth. 
38. Adult male human being 
410. Niobium (chemical symbol). 


41. Sodium (chemical symbol). 


42. Towa (abbr.). 

14. He can improve a banquet (abbr.). 
°45. Science which deals with origin and 

constitution of rocks. 

47. Volcanic rock. 

°48. Sandy tract by the sea. 

19. Catch sight of 

50. He works for a publisher (abbr.). 


refer 


lo 


*10. 


to Earth Science 





Customary foods. 


Anvil-shaped small bone of middle 


ear, 

Science dealing with surtace features 
of the Earth. 

Situated in the axis (bot.). 
Mechanic (abbr.). 

Pint (abbr.). 

Nimbo-stratus (abbr. ). ‘ 


Uptold in rock. 

Rising of land from under water. 
Upon. 

International units (abbr. ). 
Periodic rise and fall of the oceans, 
atmosphere, or land. 

Helium (chemical symbol). 
Radium (chemical symbol), 
Earthquake. 

Large body of salt water. 

Long ; 

Selenium (chemical symbol). 
Three-toed sloth of South America. 
Terbium (chemical symbol) 

Fishes known as “nurse sharks.” 
Two-electrode vacuum tube which 
serves as rectifier of alternating 
current. 

Ammeter (abbr.). 

Granular ice formed by pressure of 
successive snowfalls. 

Grown older. 

Protactinium (chemical symbol). 


Yeoman in U.S. Navy (abbr.). 


Eel Expert 


(Continued from page 22) 
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illness, with shocks from the torpedo, 
the electric ray. 


Of all the electric fishes, the most } 


powerful is the electric eel, found in 
the fresh waters of the Amazon and 
other South American rivers. How the 
electric eel generates such large amounts 
of current is not vet fully understood, 
but kill a man on 
a horse, 


its shock can stun 

One of the pioneer investigators of 
the electric eel is Christopher Coates, 
director of the New 
who has been experimenting with elec- 
tric eels for 30 years. Mr. Coates has 
doubts that the electric 
living battery. Any doubts were dis- 
pelled one afternoon in 1933. “We were 
sure,” he told us, “that what the elec- 
tric eel generated was electricity as we 
know it, but no one knew exactly how 
much. Our first job was somehow to get 
the current into a wire to measure it. 
We had no oscilloscopes in those days, 
and we had to improvise through trial 


no eel is a 


and error, 


Nine Feet of ‘Juice’ 


The task was formidable. These eels 
range up to nine feet in length, and 
weigh up to 80 pounds. Mr. Coates 
finally succeeded in collecting the dis- 
charge of an electric eel through a 
wire. But he also collected a shock that 
sent him soaring—eight feet into the 
air. Mr. Coates remembers what passed 
through his mind while he was in the 
air over his lab floor. “Now I know it’s 
electric,” he thought, “but [ll probably 
break my back on the way down.” 

He didn’t break his back, and he was 
stimulated to do further research. 

In the 1933 experiment, Mr. Coates 
placed an eel in a trough so that its 
body made contact with electrodes at 
various places. Wires from these elec- 
trodes led to a circuit of neon lamps 
that would glow only if a minimum of 
70 volts were applied. During an elec- 
tric discharge by the eel, three or four 
lamps always glowed. Each lamp, 
hooked into a series circuit, needed 70 
volts to light up. Mr. Coates reasoned, 
therefore, that the voltage generated by 
the eel was at least three or four times 
70 volts, or 210 to 280 volts. Today 
such measurements are computed pre- 
cisely by comparing the eel’s voltage 
with known voltages on an oscilloscope. 
With this method, Mr. Coates has found 
that some eels generate as much as 600 
volts of direct current. By comparison, 
household currents are ordinarily 117 
volts. 
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located in the tail, make up about 60 
per cent of the eel’s total bulk and 80 
per cent of its length. The conventional 
“body” organs are located in the front. 
The electric ee] (Electrophorus electri- 
cus) is not truly an eel, though its shape 
suggests one. Structurally, it is closer 
toa catfish, although it cannot breathe 
under water, but gulps air at the sur- 
face. 

The electric eel has three separate 
pairs of electric organs. The main pair, 
called simply the “large electric organs,” 
are the source of the powerful .dis- 
charges the eel uses to stun its prey and 
to protect itself. The tissue of these 
organs is a jelly-like mass, resembling 
muscle tissue in certain respects, but 
unlike anything else in the animal 
world. The cells of this tissue are thin 
and wafer-like. Each cell is called an 
electroplaque. 

The electroplaques are stacked in 
parallel columns, about 6,000 electro- 
plaques in a column, about 70 columns 
on each side of the eel. An electro- 
plaque generates about one tenth of a 
volt. The electroplaques, separated 
from each other by non-conducting tis- 
sue, are connected in series by nerve 
conductors along the length of each 
column, and in parallel circuit across 
the columns. 

As the baby eel grows, the electro- 
plaques grow in size, increasing only 
slightly in number. With increased size, 
they have a greater capacity to produce 
current or amperage, although the volt- 
age potential remains unchanged. The 
mature ee] produces more current, but 
not much more voltage. 


Eel Radar 


The electric organs may be thought 
of as a storage battery, with its positive 
terminal at the head. They differ from 
an ordinary battery, however, in several 
important respects. The eel never dis- 
charges a single pulse of current. Its 
charges are delivered in bursts of ten— 
one after another. Eels have been 
known to discharge as many as 400 
interrupted pulses of direct current in a 
second. The pulses speed from the tail 
to the head internally, and back to 
the tail externally at almost 8,000 feet 
a second, with the fresh water complet- 
ing the circuit. After about five minutes 
of rest, a discharged eel is fully charged 
again, 

A smaller pair of organs, located near 
the end of the tail in the upper half, is 
known as the “Bundles of Sachs.” Their 
discharge, about one tenth that of the 
large electric organs, enables the eel 
to navigate and locate fish and other 
objects in the water. It is believed that 
in this process the eel uses reflected 
electrical impulses, in the way radar 
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utilizes reflected radio waves. No one 
knew how eels used their electrical 
“radar” system until Mr. Coates became 
curious about some smal] pits around 
the eel’s head. He painted the pits with 
lacquer and set the eels free. The eels 
were unable to locate food. Mr. Coates 
believes that impulses from the “Bun- 
dles of Sachs,” reflected from an object, 
are received through the pits on the 
eel’s head. The eel’s eyes are covered 
with a cloudy film that impairs its 
vision. The film, it is believed, is an ef- 
fect of the eel’s electrical discharge. 

The function of the third pair of elec- 
tric organs, the “organs of Hunter,” has 
not yet been determined. 


Lunch for Baby Walrus 


Administration of the new aquarium 
at Coney Island in New York has 
cut Mr. Coates’ time for further re- 
search with electric fishes to a mini- 
mum. Still, he is called upon constantly 
by biochemists, marine zoologists, and 
medical researchers all over the world. 
The aquarium must daily solve such 
diverse working problems as_ these: 
What is the least number of types of 
sea water that will safely maintain cur- 
rent specimens? (Answer—13.) What 
kind of daily diet is desirable for a 
baby walrus? (Answer—40 pounds of 
clams, a gallon of whipping cream, and 
a mixture of oils.) How can the aquari- 
um-—located on the ocean shore—get an 
adequate supply of clean sea water? 
(Answer—dig a well.) 

Last month, Mr. Coates acquired 
another electric fish, the torpedo, for the 
New York Aquarium. “These fish come 
in all along the coast about this time 
every year,’ Mr. Coates said, “and 
we're keeping it in a glass tank, like 
hundreds of other specimens, for visi- 
tors to watch.” 

Mr. Coates’ interest in fishes extends 
to his hobby of collecting old engravings 
and prints of fishes. He also collects gold 
coins. In relaxing with these outside in- 
terests, Mr. Coates feels that the re- 
ward of his work is the satisfaction that 
comes from having a part in extending 
human understanding. 

“As far as electric eels are concerned,” 
says Mr. Coates, “the important work 
is now being done in the biochemical 
laboratories. We believe that what is 
being learned from these fish will play 
an important part in providing the an- 
swers to some of the unsolved questions 
about basic living functions.” 

Mr. Coates was born in New York 
City in May, 1899. His interest in aqua- 
tic biology came about almost by acci- 
dent. “I had no formal training in bi- 
ology,” he told us. “In the 1920's I was 
in the foreign money exchange business. 
The old New York Aquarium at Battery 
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Park fascinated me, and I began to visit 
there quite often. Many questions arose 
in my mind about the fishes I saw there, 
so I asked the staff for information. They 
couldn’t always answer my questions 
and suggested that I try finding the an- 
swers myself, One of the staff, later Di- 
rector of the Aquarium, Dr. Charles M. 
Breder, who is now chairman of the De- 
partment of Fishes at the Museum of 
Natural History, influenced my decision 
to make fishes my full-time profession. 
I joined the aquarium staff in 1931 as 
curator of tropical fish.” 

Aquatic biology offers many good 
opportunities for exciting careers. 
Young people interested in a career 
in aquatic biology should get as much 
formal training in biology as possible, 
Mr. Coates pointed out. “They should 
have a broad knowledge of living 
things,” he said. “Experience needs 
knowledge to build on. Even though all 
the answers can’t be found in books, a 
great many can.” 

Mr. Coates—best known for his re- 
search on electric eels—has been involved 
in many projects in which fish have 
been used for medical research. He is 
still one of the world’s foremost author- 
ities on tropical fish. 

—L. L. Case 








SCIENCE & MATH ee 


Order by Stock No. — Send Check or 
Satisfaction or money back 


NEW! SCIENCE FAIR PROJECT kits 


Carefully planned to give any boy 
or girl the fun and excitement of 
discovering science facts. Can lead 
to awards or scholarships! 


For Junior High School 

a eyond: 
MOLECULE AND CRYSTAL 
MODELS KIT — Rods and balls 
to make atomic mnodels, plus directions— 
Stock No. 30,413-A $2.50 Postpaid 
NUMBER SYSTEMS ABACUS — Makes a dramatic 
exhibit demonstrating number systems other than the 
decimal system— 
Stock No. 70,334-AK..........-+--- $4.25 Postpaid 
SOIL TESTING KIT — Basis for many fascinating 
experiments regarding growth of plants, ete. 
Stock No. 60, $2.00 Postpaid 
TOPOLOGY — All the ingredients for ° project on 
4-color map proses, Noebius strips, et 
Stock No. 70,353-A $6. 00 “Postpaid 
CRYSTAL GROWING KIT — Grow breathtaking dis- 


play of large crystals with this set— 
Stock No. 70,336-AK $9.50 Postpaid 


For Ages 8 thru Jr. High School 
MAGNETISM KIT — aot on magnetism demonstra- 
tions developed by UNESCC 
Stock No. 70,325-AK $3.75 Postpaid 
COLORS THROUGH POLARIZATION — Show the 
beautiful color effects produced by passing polarized 
light through transparent objects— 

Stock No. 70,350-AK............00. $2.00 Postpaid 
OPTICAL ILLUSION KIT — Diagrams, lenses, mir- 
rors, etc. for “awe | many amazing optical illusions. 








Stock No. 70,352-AK...........-..- 0 Postpaid 
MATH TREASURE CHESTS 
Expertly selected collections of mathematical tools, 


games, gadgets, and other items! 

Exciting fun! Improves your math understanding... 
your grades in school! 

Stock No. 70,327-AK (for ages 5 to 8) $10.00 Pstpd. 
Stock No. 70,328-AK (for ages 8 to 12) $10.00 Pstpd. 
Stock No. 70,329-AK (for ages 12 up) $10.00 Pstpd. 


Write for FREE CATALOG-AK 
144 Pages! Over 1,000 Bargains! 


America’s No. 1 source of supply for 
Science Students, hobbyists. Com- 
plete line of Astronomical Telescope 
parts and assembled Telescopes. Also 
huge selection of lenses, prisms, war 
surplus, optical instruments, parts 
and accessories. Telescopes, micro- 
scopes, binoculars, science experi- 
ment items, math learning and 
teaching aid 
REQUEST CATALOG-AK 


EDMUND SCIENTIFIC CO., 


Barrington, New Jersey 
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TEACHING MATERIALS ROUNDUP 


Equipment Designs 
For Physics Labs 


The American Association of Physics 
Teachers and the American Institute of 
Physics, aided by a grant from the Na- 
tional Science Foundation, are spousor- 
ing an important publishing venture— 
Apparatus Drawings Project. ADP has 
been designed to present physics in- 
structors with complete data and draw- 
ings of unique and economical pieces 
of apparatus developed in the physics 
laboratories of America’s leading col- 
leges and universities. 

The equipment described in Appa- 
raltus Drawings Project was developed 
as up-to-date and flexible teaching ap- 
paratus for laboratory experiments and 
lecture demonstrations. The design data 
are in the form of precise and easy-to- 
follow working drawings, fully docu- 
mented in the accompanying text. The 
reports contained in this series comprise 
original equipment which can be con- 
structed in any shop—inexpensively. 
The first volume will contain approxi- 
mately 30 reports, printed on flat sheets 
(11” x 17”, one side) for working con- 
venience. 

For information about ADP. 
the Plenum Press, 227 West 


Street, New York 11, N.Y. 


17th 


Chemical Education Aids 


A guide to educational publications 
about chemicals, chemical 
and the chemical industry is available 
to high school science administrators. 
The booklet, “Guide to Education Aids 
Available from the Chemical Industry,” 
presents a detailed listing of informa- 
tion available from the Manufacturing 
Chemists’ Association and its member 
companies, useful to educators and stu- 
dents at the high school level. 

The booklet is available to educators 
free upon request from the Manufactur- 
ing Chemists’ Association, Inc., 1825 
Connecticut Ave., N. W., Washington 
9, DL. 


processes, 


Analog Computer Kit 


A new, easy-to-assemble analog com- 
puter kit is now available from 
Edmund Scientific Company. The kit 
is designed for use in math courses in 
grades 8 through 12, and demonstrates 
basic analog computing principles. It 
can be used for multiplication, division, 
powers and roots, logarithmic opera- 
tions, trig problems, electricity, and 
geometry. Problems in circumference 
and volume can also be set up and re- 
solved, 
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write | 


The computer. which 
flashlight 


a screwdriver and_ pliers. Three 


operates on 


two batteries. is assembled 
with 
potentiometers and an electric meter are 
mounted on the die-cut box. 

The analog computer is 20° inches 
long, 9 inches wide, 2 inches deep. 
Directions for assembly and a compiete 
booklet of instructions are included 
with the kit, which is priced at $14.95. 
For details, write to the Edmund Sci- 
entific Company, Barrington, New Jer- 


sey. 








On the Rocks 





Booklet on Glass 


which details 


\ booklet 
of 32 commercial glasses has been pub- 
lished by Corning Glass Works. The 
16-page booklet 
thermal expansion and optical proper- 
ties, as well as a temperature conver- 
sion chart. Other sections cover thermal] 


properties 


contains sections on 


stress, heat transmission, electrical prop- 


erties, corrosion resistance, and vis- 
cosity data. Several charts and graphs 
are included. 

The booklet, coded B-83 (Rev.), is 
available on school letterhead from 


Corning Glass Works, Corning, N.Y. 


URVIVAL IN THE SEA 


Four 30 Minute Films 
Titles in the Series: 


Where Land and Water Meet 


Life on the Coral Reef 


The Life Cycle 


® The story of underwater animals and their struggle 


for life 





® Discuss feeding habits, defensive abilities, and en- 


vironmental characteristics of sea creatures 


© Show octopus, wrasse, squirrel fish, sting ray, needle 


fish, and barracuda in their natural environment. 





Please send detailed information on SURVIVAL IN THE SEA 


Organization 
NET Film Service 
Audio-Visual Center FIT enon 
Indiana University Address" 
Bloomington, Indiana City 














Crystal Models Kit 


Three-dimensional models of molecu- 
lar structure have plaved a vital role in 
physics and chemical research, and pro- 
vided a visual tool that enabled teachers 
to develop concepts of geometric chem- 
ical bonding. 

In the summer of 1958, Herbert Bas- 
sow, instructor of chemistry and physics 
at Fieldston School, Riverdale, N. Y., 
developed a method of constructing in- 
expensive atomic models from. styro- 
foam spheres. Mr. Bassow’s models won 
a STAR Award in the NSTA STAR 
Award competition for science teachers. 

With Mr. Bassow’s cooperation, Sci- 
ence Materials Center has developed a 
kit to provide both teachers and _ stu- 
dents with materials to make their own 
models. 

The key item in the kit is an easy-to- 
assemble cardboard jig which serves as 
a sphere-punching machine. A supply 
of styrofoam spheres in several colors 
and sizes is also included. 

The kit contains a manual outlining 
the theory of crystals and their atomic 
structure. The manual provides detailed 
instructions for performing a large vari- 
ety of experiments. Inquiries regarding 
the kit should be addressed to: Science 
Materials Center at 59 Fourth Avenue, 
New York 3, N. Y. 








|“Portable Laboratories” for the classroom | 
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How to dramatize 
the principles and 
uses of engines 


Here’s everything you need to assemble and 
demonstrate cutaway models of five basic heat 
engines: gasoline, diesel, jet, steam turbine 
and steam engine. Ingenious new HEAT EN- 
GINES LAB enables you to show students 
the relationships of all moving parts, and to 
perform experiments ranging from elementary 
science through advanced physics. Sturdy 
polystyrene plastic in bright, contrasting col- 
ors, keyed for ready identification. Accom- 
panying 64-page, illustrated manual presents 
concise history and explanation of heat en- 
gines and their uses—provides students with 
innumerable possibilities for classroom re- 
ports and leads for further study. List $24.95 
(quantity discounts for schools). For com- 
plete catalog, write Science Materials Center, 
59 Fourth Ave., N.Y. 3, N.Y., Dept. VI-175. 










SCIENCE MATERIALS CENTER 
a division of The Library of Science 

















Kit for demonstrating atomic models was developed by Herbert Bassow of Fieldston 
School, Riverdale, N. Y., who won an NSTA STAR award for styrofoam spheres. 


BOOKS BRIEFLY ANNOTATED 


The publisher's lists of science ofter- 
ings continue to grow. In this issue of 
Science Teachers World we have se- 
lected for annotation an array of titles 
covering the spectrum of science from 
microcosm to Some of these 
books should find their wavy to the class- 


cosmos. 


room reference shelf, others may be 
brought to the attention of the school 
librarian. Here and there among them, 
are some books that would make ele- 
gant and much appreciated gifts. 


Animal Clocks and Compasses, by 
Margaret O. Hyde (McGraw-Hill, 
$2.95). Here is a simple yet sound treat- 
ment of biological rhythms. The book 
gives a fairly detailed account af the 
major problems in this area, as well as 
some of the crucial experiments that 
have probed the nature of the clocks. 
Among authorities whose work is men- 
tioned are Kramer, Tinbergen, Brown, 
and Carr. There is a chapter on human 
clocks and their implications for space 
travel. The final chapter makes sugges- 
tions for student projects and provides 
instructions for getting started. Black 
and white illustrations. 


Edison Experiments You Can Do, by 
Marjorie Van der Water, editor (Har- 
per Brothers, $2.50). History and do-it- 
vourself are combined in an interesting 
package based on Edison’s original note- 
books. Some of the more common upper 
grade and junior high experiments with 
electricity (the foil conduction 
through an electrolyte, and the tele- 
graph sounder) are presented in a con- 
text of application of principle to prac- 
tical problems. There are instructions, 
illustrations, and a list of materials for 


fuse, 


| 30 experiments. One rather unusual 


project (will it work?) gives instruc- 
tions for building a phonograph of tin 
cans, scrap lumber, and aluminum foil. 
Most suitable for sixth- and seventh- 
grade pupils; 


New Worlds Through the Microscope, 
by Robert Disraeli (Viking, $4.00). The 
ninth or tenth grader who owns a mi- 
croscope or has access to one will be 
delighted with this elegant collection of 
photomicrographs. The text not only 
explains the illustrations but adds a 
measure of meaningful scientific inter- 
pretation to the beautiful prints. Read- 
ing the book and looking at the pictures 
makes one fairly itch to get started on 
a project in photomicrography. The 
photomicrographs are of fairly gross 
objects such as insects’ legs and wings, 
pollen cells, spores and crystals. These 
objects are much more meaningful to 
young readers than high magnifications 
of cell membranes or viruses. Besides, 
they are objects that young. scientists 
can prepare and examine on their own. 


The World of Amphibians and Rep- 
tiles, by Robert Mertens (McGraw-Hill, 
$15.00). The blurb on the dust jacket 
states, “This handsome volume, superbly 
illustrated with 140 photographs (31 
pages in full color), gives an enthralling 
look into the lives and habits of 
two great classes of vertebrates: am- 
phibians and reptiles. Whether describ- 
ing the world of polliwogs or poisonous 
sea serpents, the book is a rich adven- 
ture for every reader.” We agree. The 
italics were added by the reviewer, who 
comments that non-readers can 
study the plates with great pleasure and 
benefit. A good investment for any 
junior or senior high school library. 
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Science Puzzlers, by Martin Gardner 
(Viking, $2.00). More than 100 experi- 
ments, stunts, and demonstrations. And 
-praise be—each with clear instructions 
on how-to-do-it, and a reasonable inter- 
pretation in language and concepts that 
ninth graders can handle with facility. 
Subjects range from physiology to prob- 
ability with way stops in all branches of 
mechanics: gravity, fluids, and inertia. 
Many of these demonstrations—which 
require no special equipment—would be 
helpful in motivating lethargic classes. 
Suitable for junior high school students. 


The Amateur Scientist, by the Edi- 
tors of Scientific American (Simon & 
Schuster, $3.95). An amateur investi- 
gator’s handbook on the grand order, 
taken from the “Amateur Scientist” 
columns of Scientific American. In the 
book are projects and ideas for the 
senior high school student and recrea- 
tional research for teachers. Many of 
the projects, which range from astron- 
omy to zoology, contain suggestions for 
equipment that a science teacher and 
his students could build, thus learning 
science while equipping the laboratory 
with useful items. 

Smithsonian Treasury of Science, 
Webster P. True, editor (Simon & Schus- 
ter, $15.00). A set of three volumes of 
papers edited from the Smithsonian Re- 


ports. Here are 50 articles of fundamen- | 


tal significance in the history of the 
physical, biological, and social sciences. 
This set is for the serious reader who 
wants to broaden his knowledge of his 
own field and explore the other disci- 
plines through firsthand contact with pri- 
mary source material. For adult readers. 


The Autobiography of Science, edited | 


by Forest Moulton and Justus Schifferes 
(Doubleday, $5.59). Significant discov- 
eries on the frontiers of science from 
Aristotle to Fermi are reported in the 
carefully edited papers of the scientists 
themselves. The 1960 edition, updated 
by Dr. Schifferes, accomplishes the dif- 


ficult task of putting science in proper | 


historical perspective, making it come 
alive as an adventure of the human in- 
tellect. Adult reading level. 


Saturday Science, Andrew Bluemle, 
editor (Dutton, $5.95). What lines of 
physical research are physical scientists 
pursuing today? On what principles do 
they base their thinking, and what tech- 
niques do they use in exploring relation- 
ships and hypotheses about the physical 
world? Written and edited by working 
scientists of the Westinghouse Labora- 
tories, Saturday Science, based in part 
on a series of Saturday morning lectures 
for students, lucidly presents principles 





and techniques that have proved fruit- | 


ful in research and speculation in nu- 
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clear physics, the solid state, surface 
phenomena. The sections dealing with 
mathematical concepts as tools and tech- 
niques are outstanding. Here, in fact, 
may be the basis of a special seminar 
for 11th and 12th grade students. 


The Future of Man, P. B. Medawar 
(Basic Books, $3.00). An intelligent and 
relatively non-technical examination of 
an important question: What are the 
evolutionary forces acting on man to- 
day, and how far can we predict their 
effects? In an urbane and witty discus- 
sion, Dr. Medawar examines this ques- 
tion in terms of the human genetic sys- 
tem, the population explosion, the trend 
of human intelligence, and the impact 
of modern medical science on human 
problems. Adult reading. 


Educators Guide to Free Science Ma- 
terials, Mary Saterstrom, editor (Edu- 
cators Progress Service, $6.25). A com- 
plete, encyclopedic and up-to-date guide 
to free materials, from samples to pam- 
phlets and films. The listings of sources 
are invaluable, but for a bonus there 
is a section of ten units based on free 
materials. The units range from weather 
for primary grades, through astronomy 
at grade 8 to plant hormones and me- 
chanics in senior high. Each unit is pre- 
pared by a skilled and knowledgeable 
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classroom teacher who understands the 
problems of science teachers and their 
students. The teaching units were co- 
ordinated by Dr. John W. Renner, Asso- 
ciate Executive Secretary of the NSTA. 


The Earth, by W. B. Harland (Frank- 
lin Watts, $4.95). Neatly balancing de- 
scriptive and experimental science, Mr. 
Harland not only discusses rocks, fos- 
sils, and dynamic processes but suggests 
what an active inquiring boy or girl can 
do about learning more about them. It 
wouldn’t be at all difficult to imagine 
this beautifully written and illustrated 
book as a supplementary text in a basic 
Earth Science course. The Earth is not 
for the specialist among your students- 
those already reading college texts—but 
for average bright and normally inquisi- 
tive teen-agers it is a treasure. Can be 
read by ninth graders, but also for high 
school students who are not particularly 
science prone. 


Ninety Seconds to Space, by Jules 
Bergman (Hanover House, $4.50). Mr. 
Bergman, a contributor to Science 
World, presents the exciting story of the 
evolution of the X-15 from prototype 
research aircraft to those that will fol- 
low: the Super X-15 and the Dynasoar. 
Good reading for technically-minded 
senior high school students. 


| ASHLEY MONTAGU 


SIGNET KEY > MENTOR 
paperbound books 


Here are a few of the long list of Signet Key 
and Mentor titles in many fields of science, 60 
of which are in the AAAS “Inexpensive 


Science Library.” 
Science List. 
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Two more reasons why 
your best buy is better 
than ever. Every Student Microscope 


should have these features. Most have 
neither... only the Bausch & Lomb 
Standard Teaching Microscope has both 


NEW LIFETIME BALL- 
BEARING FOCUS 
The slide floats on ball bear- 
ings to assure perfect smooth- 
ness ... the most wear-free 
focusing in any student micro- 
scope. 


NEW FORCE-PROOF 
CLUTCH Prevents dam- 
age to fine adjustment mech- 
anism and specimens. 
Students can’t damage 
focusing assembly 
by forcing the 
fine focus knob. 


BAUSCH & LOMB STANDARD TEACHING MICROSCOPE 


You'll get extra years of service from the B&L ST Microscope . . . it’s student-proof 

to stand up under the hardest classroom use. And the ST Microscope is hands down the 

finest instrument in the school budget range. 

It’s standard size, with standard operation 

and laboratory grade optics. BAUSCH & LOMB INCORPORATED 
Made in America, to the world’s highest standard. 80912 Bausch St., Rochester 2, N. Y. 

Lifetime warranty; service everywhere by qualified [) Please send Catalog D-1079. 

B&L dealers. Meets C.C.S.S.O. Purchase Guide [] I'd like a demonstration of B&L Standard 

Requirements, Nos. 2625, Teaching Microscopes. 

2645, and 2650. Only NAME 


$112.50 in lots of 5. BAUSCH & LOMB #— 


PROFESSIONAL 
ADDRESS 
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